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POTENTIAL USE WATER IRRIGATION THE HUMID 


Keith auchamp! 
(Proc. Paper 1750) 


The demands for irrigation water throughout the humid area are going 
increase greatly the next years. Today, irrigation the greatest 
single user water the United States. Irrigation demands 100 billion 
gallons per day, about one-half the total fresh water supply used each 
year. According the 1950 Census Agriculture, 94.1% the country’s 
irrigated land the western states, and Arkansas, Louisiana 
and Florida. The remaining states contain 0.6% the irrigated land. 
Based these figures, irrigation those states accounts for about one- 
third the water used annually the entire country. This amount, 
total, isn’t much today, but what about the future use? 

There big potential use water for irrigation the humid 
now increasing rate rapid that for any other major water use. 
Humid area irrigation really didn’t start until after World War II, except 
some truck and vegetable farms, nurseries and occasional farmer who 
realized its potential. The development light-weight aluminum pipe and 
quick couplers 1945 reduced irrigation labor costs and demonstrated that 
irrigation equipment was practical and could adapted many soils and 
crops. Research results indicated the magnitude benefits that might de- 
rived from irrigation. Postwar prices farm products were favorable 
level. Also, the general technological developments agriculture and farm- 
ing with more mechanization and more intensification per unit manpower 
found “natural” irrigation. All these factors were responsible for the 
rapid increase irrigation. This increase shown states Table 

Many authorities predict that within the next years the total con- 
sumption water will double the United States. Agriculture expected 
use, through irrigation, only 25% over that now used. But, volumewise, this 
will many times the amount water that will into both domestic and in- 
dustrial uses. very large part this increase will the humid area. 

Two major factors will influence this expanding use for water irrigation 
the humid area; namely, the ever-increasing need for more food and fibre 


Note: Discussion open until February 1959. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. Paper 1750 
part the copyrighted Journal the Irrigation and Drainage Division, Proceedings 
the American Society Civil Engineers, Vol. 84, No. September, 1958. 

Presented meeting ASCE, Chicago, February 27, 1958. 

Irrig. Engr., Soil Conservation Service, Milwaukee Wis. 
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national level, and the farmer’s desire improve maintain his 
standard living period where finds himself temporary squeeze 
between falling farm prices and static further increasing costs. The na- 
tional food and fibre situation the future will greatly affected the 
rapid increase population and decrease available good cropland. 

The population the United States increasing very rapid rate. 
now number more than 172 million and are increasing rate around 
million annually. Assuming this rate increase 1975, our population 
would then excess 228 million. Some authorities predict 
ing rate with total 240 million people 1975. Projecting this population 
trend the year 2000, could have many 335 million people living 
these United States. (Fig. All this points increasing number 
people feed, clothe and shelter this country for long time come. 

Now, let’s look our land picture. The total land area the United States 
1904 million acres. However, today there are less than 500 million 
these acres that can used for food production, about acres per person. 
Projecting this into the future, 1975 there will 2.2 acres per person, and 
the year 2000, only about 1.6 acres for every man, woman and child. 

The nation’s cropland acreage headed downward. Maryland’s cropland 
area has decreased more than 145,000 acres since 1945. Seventy 
counties reported decrease farm land ranging from few hundred acres 
much 10,000 acres. Ohio, Indiana, Texas, Georgia and Florida have 
each had about million acres arable land diverted non-agricultural use 
since 1942; California, South Carolina, Michigan, New York and Oklahoma 


TABLE 1 
HUMID AREA IRRIGATED ACREAGE 
Irrigated Acreage 
Arkansa 422,107 470, ’ 
Delaware 11,& 10, 
Florida 455, 561 
yeorgia BO, 3,161 6,839 
Illinois 16, 1,51 14,99 
Indiana 35 , 00% 339 5, 
Towa 22, 1, 356 4 
Kentucky 16,2 u 17,74 
L Siana Li, DIS, 
Marylana 12, 69 
Massa ett 19,1 ao, 
Mississippi 157,00 » 066 151,91L 
Missouri 0, OC 2,089 7,912 
New Hampshire 1,100 622 ui 
New Jersey uk, 033 
New York FO 9, 2h 70,752 
North Carolina 6,00 ,083 33,71 
25, OK 9 10 19,294 
Pennsylvania 1,50 »251 lu, 
Rhode Islan 1,009 1,631 622 
South Carolina 32, 255 
Tennessee 29, OOK 1,0 
Vermont 4589 302 
Virginia 2,61 42,003 
West Virginia 1,5 u 1,7¢ 
Wisconsin 9,751 15,219 
Total 3, M1, 12¢ 1,516, 07 
Percentage increase in mid area 
aTTigation - eineer amc ntenar 19 7 
Directory anc Puyers' Ze Number - August 31, 1 
U.S. Bureau of Census 
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have each had diverted 3/4 million million acres. During the past 

years, million acres cropland have been lost suburban housing, in- 
dustrial and commercial uses, defense establishments, airports, highways and 
other public and private uses. The total average annual cropland losses, 
including land planted trees, 1-1/3 million acres. 

Industrial and urban expansion often occurs good arable land because 
construction costs are usually lower level land than rolling and rocky 
land. Drainage and water disposal problems are less troublesome. Highway 
engineers want avoid grades. Industry likes move its raw materials 
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and its manufactured processed products out the lowest possible cost. 
Airports require miles level runways and high-speed roadways into the 
cities. Modern store and factory layouts and suburban developments all re- 
quire much larger area land per person than they did years ago. 
Commuters and shoppers require large automobile parking areas, and more 
emphasis placed recreational areas than ever before. 

Our super highways require acres land per mile. Ordinary 
first-class highways require about acres more per mile. The Ohio 
Turnpike took square miles. The building the 41,000 mile interstate 
highway system will, itself, take over 665,000 acres rural land. hydrogen 
bomb plant South Carolina used 225,000 acres predominantly farm land. 
municipal airport, the size the Billy Mitchell Airport Milwaukee, re- 
quires 1700 acres, all which previously was farm land. 

Essential non-agricultural developments are necessary for the defense 
our country and keep pace with our expanding population and standard 
living. However, policies that will make possible for our economy ex- 
pand without unnecessary encroachment upon our productive cropland need 
developed. Decisions the location public and private non-agricultural 
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developments should based the land capability inventories wherever 
possible. 

are losing land erosion, floods, alkali, and other forms land de- 
terioration. our present cropland, 121 million acres are subject criti- 
cal rate soil deterioration. Another 128 million have serious rate with 
only 229 million having slight soil deterioration. Forty million acres 
our present cropland should grass and trees. 


LAND DETERIORATION 
LOSS 


Increase tillable lands from reclamation irrigation and drainage 
land clearing and release present permanent pasture land estimated 
approximately million acres. However, any possible increase tillable 
land may offset losses due land deterioration. 

total arable land shifts other uses and food demands rise, food 
production shifts invariably more and more land less suitable for culti- 
vation. This increases the cost production. Increased production costs 
would automatically lower our standard living for our economy based 
plentiful supply food purchasable with such small part our expendable 
income that have money left over with which buy the so-called luxuries 
produced industry. Food takes only about 1/4 our expendable income. 

many other countries, food takes 30% 80% and more the expendable 
income, 
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has been estimated that the demand agriculture will 25% 40% 
greater the next years. (Fig. American farmers are now maintaining 
production nearly all land now available economic crop production and 
cannot look much new land satisfy the nation’s future demand for food 
and fibre. will have depend largely land now being farmed and this 
land must made produce more abundantly. must protect and build 
soil productivity complete soil conservation program for every acre 
order sustain these necessary higher yields. 

Many authorities feel that technological advances crop production will 
able keep with the loss cropland and our expanding population. Irri- 
gation must and will play its part making this possible. Sometime ago, the 
Agricultural Research Service the Department Agriculture made study 
which revealed two facts highly important our food problem: (1) general, 
the research ceilings production per acre have leveled off during recent 
years; (2) There still substantial gap approximately 50% between the 
level per unit production possible through full application science and 
the actual level per unit production today the farms the nation. This 
means highly important narrow the gap between average farm yields 
today and the yields that could obtained the full application scien- 
tific technology. 

have seen three great increases food production through technologi- 
cal advances. These advances were, first, mechanization the farm; second, 
the development hybrid corn; and third, the expanding use fertilizers and 
crop rotations. The next really big increase the humid area will likely 
come from irrigation. Only from proper irrigation can insure that when 
man plants crop, going have enough moisture harvest 
gation will even out the ups-and-downs crop yields otherwise due lack 
moisture during some part the growing season. (Fig. This single factor 
will extreme importance when reach the time that our food and fibre 
production equals consumption our expanding population. When this time 
comes, certainly cannot afford have loss food due droughts. 

What the farmer’s attitude here the humid area toward irrigation? 

farm production costs rise and prices level off fall for commodities, 
the progressive farmer looks for means increasing yields and having 
margin profit each unit produced. Cost production per acre may in- 
crease but offset the higher yields. the last years there has 
been big favorable change the attitude the farmer toward more 
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scientific approach farming. The farmer has seen, through his own experi- 
ences and from research results from our universities, that irrigation coupled 
with good management practices will result increased yields per acre. 
has also found that maintaining high level soil moisture through irri- 
gation able improve the quality his crop. This particularly true 
fruit and truck crops. Some yield results with irrigation the humid area 
are presented Table Most these studies were made during years that 
were unusually favorable for irrigation because poor distribution 
moisture during the growing season, 

Lowering cost production per unit sold very important item. Secur- 
ing the highest optimum yield possible per acre will generally result de- 
creased cost per unit production. This illustrated Table 
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Farmers are now beginning use irrigation standard crop production 
tool, and the farmers who are practicing extensive irrigation plan their farm- 
ing practices around it. They invest irrigation the extent that gives 
them satisfactory return, just with any other capital expenditure for 
farm enterprise. This means, course, that they either maintain increase 
their net farm income. 

addition increasing crop yields and crop quality, some farmers have 
found profitable use irrigation equipment for wind erosion control. also 
aids seed germination. The use for frost protection becoming very 
important phase irrigation some areas where such crops strawberries 
and certain truck crops are grown. Irrigation systems can also used for 
the application some commercial fertilizers, thereby saving labor costs. 

Not only can irrigation help increase farm income, but can sta- 
bilizer farm income. Droughts, with the resulting lack adequate soil 
moisture for crop growth, make ups-and-downs the farm income from year 
year. When the summer rains are adequate and well distributed, the farm- 
er’s income may up. When droughts occur, particularly the critical 
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stages crop growth, then may lose heavily that year. steady farm in- 
come from year year not only desirable for individual farmer, but 
necessary for stabilized high economy for the entire nation. follows that 
when the farm income noticeably down, industry and labor suffer. 

More and more farmers are adapting themselves irrigation quite read- 
ily. Those who have gained experience are also applying water more scientili- 
cally. They are watching the soil more than the sky indicator when 
apply water. The term “supplemental irrigation” passing out the picture 
the humid area. The successful irrigator not using irrigation 
supplementary source water; considers rain during the crop growing 
season supplemental his irrigation. 

Irrigation alone not guarantee for successful crop production. Usually 
should the last crop production practice that farmer uses. most in- 
stances, possibly the practice incurring the highest initial investment 
cost can use. Advantages from good soil management program with top 
level production and irrigation should compared with the same program 
with irrigation arriving the irrigation investment decision. other 
words, the farmer should consider how far can without irrigation 
order properly evaluate its advantages. 

complete soil conservation program should installed that high 
level production can maintained future years. The highest practical 
degree drainage should provided for the land; effective drainage, both 
surface and internal, essential successful irrigation the humid area. 
good drainage system provides the same results during years above- 
normal rainfall that irrigation system provides for years when rainfall 
below normal poorly distributed during the growing season. combination 
proper crop selection, use fertilizer, insect control and good farm 
management will mean more the farmer than irrigation alone. When all 
these practices are installed, then through use irrigation water the farmer 
can increase the amount fertilizer that will pay and use higher plant 
population secure increased profitable yields every year. 

Although rapid spread irrigation predicted the humid area, the in- 
crease this practice truly will influenced climate, prices, market 
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opportunities, over-all needs for more food and fibre, available water sup- 
plies, type soil, and the farmers’ attitudes. 

Farm prices will have effect the growth irrigation, but diffi- 
cult predict the growth this basis. Should the margin profit for farm- 
ers lower, irrigation may well stimulated. the farmer can increase 
his yields economically irrigation, point can gain margin 
profit even though prices per unit drop. 

Water supplies will big factor influencing the future growth irri- 

gation. Development water supplies and distribution the farm will 
the key the widespread use irrigation the humid area. 
Future needs for increased food and fibre will have its effect the spread 
irrigation. When the demand for food great comparison with supply, 
the margin profit for the farmer will greater. 

So-called drought years will tend speed the spread irrigation. 

Many farmers are prone purchase irrigation systems and plan their irri- 
gation the basis weather experienced during that year the preceding 
year. the practice irrigation becomes more widespread, this tendency 
irrigating according precipitation distribution during the preceding year 
will decrease and most farmers will adopt the more realistic attitude the 
future. 

Soils any given area will certainly affect the growth irrigation. 
far the crop concerned, drought depends not only upon the amount 
precipitation but also the type soil and its management. For example, 
(Fig. clay loam soil will hold approximately inches water available 
for plant growth per foot depth; while sandy loam soil may hold only 
inch water per foot. Now, assume that corn grown each these 
two soil types and that feet soil depth available produce the crop. 
Then the clay loam will able store inches water and the sandy loam 
inches. these full storage capacities there will sufficient moisture 
during the plants’ maximum use period August, which approximately 0.3 
inches per day, last days the clay loam soil and days the sandy 
loam without additional water being added. 

With irrigation, maximum use can made most our droughty soils. 
Fig. outlines the approximate extent droughty soils the north central 
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states. Food and fibre production could greatly stepped this area and 
like areas the humid region through irrigation. Purdue University report- 
that for years (1948, 1952, 1953, 1954 and 1955) research the Purdue 
Sand Experimental Field, corn yields from 130 145 bushels per acre have 
been produced plainfield sand adequate fertilization, proper plant popu- 
lation and irrigation. Long time results without irrigation show 40-bushel 
The problem estimating potential water use for irrigation, therefore, re- 
volves around the estimated increase the acreage that will irrigated. 
The water requirement for irrigated agriculture inches water per acre 
for given crop specific soil conditions, general, are not likely 
change any great extent future years. Improvement irrigation efficien- 
cies and adaptation more desirable crops could even slightly lower the 
water requirements crops. The amount water used plants varies 
widely with the kind plant and with variations weather, availability 
moisture and other conditions. Manhattan, Kansas, one study, single 
plant corn used gallons water during the growing season; potato 
plant used gallons; tomato plant gallons; and winter wheat, gallons. 
gallons per plant, acre corn ordinary spacing would transpire 
inches water season. Additional water would evaporated directly 
from the soil. Totalwater requirements for corn range from inches 
inches different parts the country. 
Seldom does plant have all the water needs for optimum growth and 
production the humid area. Average annual moisture deficiencies 
eastern United States are shown Fig. The water deficiencies given, 
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however, are only estimates the average water deficit, and hot, dry 
year, the water deficit could well double the figures shown. Assuming that 
30,000 gallons per acre are required make inch water deficit, the 
total volume water required make the mean deficit can estimated. 
For example, Fig. indicates deficit inches for Ohio. the number 
acres irrigated Ohio increases 1000 acres, the increase water use 
will about 240 million gallons. Present day use can thus approximated, 
and, depending the increase the irrigated acreage, future use can es- 
timated. using these data, must remembered that (1) deficiencies 
given Fig. are average annual deficiencies and not indicate water re- 
quirements extremely dry years; and (2) the total water requirements for 
the same crop are greater sandy soils than clay soils. Thus, water de- 
ficiencies local areas state may higher lower than the average 
for the state. 

Estimating the number acres that will irrigated the humid area, 
any particular area that region, depends many factors that de- 
termining the rate increase over short specific period time can 
more than educated guess. Many authorities feel that the increase irri- 
gation the humid area will phenomenal the next years ade- 
quate water supplies can made available. inclined share this belief. 
However, before any accurate predictions can made the potential use 
water for irrigation the humid area, thorough studies crops and soils, 
potential water supplies, buying power farmers and long range weather 
forecasting will necessary. 

Most authorities feel that there will enough water for everyone provided 
there unified coordination all water interests stimulate wise use, 
development water resources, and improved efficiency water users. 

Precipitation the source our water supply. the United States our 
total water supply from precipitation amounts about 4,300 billion gallons 
day. Data the United States Geological Survey indicates that streamflow 
derived from surface runoff and ground water amounts about 8.5 inches 
year, about 1,200 billion gallons day the average. This the potential 
sustained supply for direct human use homes, industries, irrigation, recre- 
afion, etc. about times the average daily use now, and times the pre- 
dicted requirements 1975. 

Uneven distribution and irregular timing precipitation complicate our 
problem furnishing water when and where need it. The problem 
further complicated with respect irrigation. all the users water, irri- 
gation accounts for the greatest consumptive use. Whereas 90% industrial 
water, 60% 95% municipal water, and virtually all water used for power 
and recreation returned surface underground storage, only 30% 
40% irrigation water not evaporated and transpired crops. Also, the 
demand for irrigation water highest when water supplies are their lowest 
stage; that is, hot weather lowers water levels and decreases streamflows, 
the water demand for irrigation increases. 

There question but that our water problem the United States fast 
becoming great challenge the engineer. must make every effort 
improve water supply systems; encourage additional water storage water- 
sheds; coordinate surface and ground water resources; survey and study 
surface water and underground supplies and uses; and some cases de- 
velop the use sea water for special uses; and all these along with pro- 
visions for flexible method regulation water use wherever necessary. 
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Now the time for the engineer and his co-workers related fields plan 
for the future water needs this country and irrigation should take its right- 
ful place this planning. Irrigation crop production tool which can 
and, doubt, will used maintain our present standard living future 
years. 
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INTRODUCTION 


During the first half the 20th century, the population the world has in- 
creased 900 million; from 1,600 million 1900 2,500 million 1950. 

the next ten years, not less than 200 million more people will added 
the world population and will have provided for. The immensity the 
task feeding and clothing them would appreciated best noted that 
this new population will exceed the entire existing population the North 
American continent the Soviet Union. 

addition the needs this new population, has become increasingly 
since World War II, that there are large areas—entire countries and 
continents—where millions people face eternal famine and eke out miser- 
able existence. has also become increasingly clear that the people the 
rest the world, who have better standards living, can longer ignore 
this distress. 

The most important thing necessary feed and clothe adequately the new 
well the old population the world the development water re- 
sources, for providing irrigation facilities, improve existing agriculture 
and reclaim large areas desert otherwise barren lands. 

The increasing industrial development various parts the world also 
making ever increasing demand the available water resources. For 
example, takes 65,000 gallons water manufacture one ton steel, 
several tons water for ton wood pulp, barrels water refine 
barrel oil, and about 300 gallons make barrel beer. 

The per capita consumption water for domestic purposes also rising 
steadily. Thirty years ago, gallons water per person was considered 
adequate some the advanced countries the world. others, the aim 
was get only gallons per capita and actual fact there were large parts 
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These figures have 


There are other non-consumptive uses water like navigation, hydro- 
electric development, fish culture, recreation, etc., which have their own im- 
portance the economic life people. For large areas the world, how- 
ever, irrigation necessary for survival and the use water for irrigation, 
second importance only its use for domestic purposes. 

proposed this paper describe the growth irrigation develop- 
ments, various methods administering and financing irrigation projects, 
some the problems that have arisen connection with irrigation develop- 
ments and the role international cooperation dealing with them, 


Irrigation Developments End Nineteenth Century 


The first use irrigation, the artificial application natural waters 
aid agriculture, older than the recorded history Irri- 
gation practical art must have begun about the same time man 
fashioned himself social way life. History replete with references 
the practice irrigation from wells, tanks and canals. Even today 
are some striking examples irrigation works built hundreds, and some 
cases thousands, years ago China, Egypt, India, Iraq, Israel, Italy, and 
some other countries. 

Liping built multipurpose scheme for flood control and irrigation the 
Minkiang River China 2,200 years ago. Egypt claims have had the 
world’s oldest dam 355 ft. long and ft. high, built 5,000 years ago, store 
water for drinking and irrigation. Basin irrigation introduced the Nile 
about 3,300 B.C. still plays important role Egyptian agriculture. Irri- 
gation works the valley the Euphrates and Tigris must have supported 
several ancient civilizations Mesopotamia. Wells, tanks and inundation 
canals from rivers were well known sources irrigation water India 
thousands years ago. 

While would interesting and fascinating study fathom deeper into 
the ancient history the art and practice irrigation, was only towards 
the middle the 19th century that construction large scale irrigation 
works—a single project irrigate many hundreds thousands acres— 
became technically feasible. the end the 19th century, some the 
classic major irrigation works had been built Egypt, India and other 
countries and some the basic difficulties such development had been 
tackled and overcome. 


Among the notable achievements the nineteenth century may mentioned 


the system deep canals built 1826 for the irrigation Lower Egypt, for 
the cultivation cotton, and the Cavour canal built Italy 1862 for the 
irrigation about half million acres, The developments India were far 
the more impressive. The reconstruction the old Cauvery Delta system 
the south end the Yamuna Canals the north were completed about 
1825; the Ganga Canal (now Upper Ganga Canal) was completed 1854, the 
Upper Bari Doab and the Sirhind Canals the Punhab 1850 and 1873 re- 
spectively and the Godavri Delta system 1890. One the largest and most 
successful canals the world, the Lower Chenab Canal (now Pakistan), 
was completed 1892. This canal alone irrigates annually almost million 
acres. 
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There were various other developments less spectacular nature the 
countries mentioned above well various other countries; the most 
important these were numerous small irrigation works built the United 
States, the latter half the century, all private enterprise. Among 
these may mentioned the efforts the Mormons Utah, the Greeley colo- 
innorth eastern Colorado and the Anaheim colony southern California. 
Taken whole, irrigated acreage increased the United States from about 
300,000 acres 1870 respectable figure 7.5 million acres 1900. 

The major irrigating countries and the acres irrigated each the end 
the nineteenth century were: 


Areas Irrigated 


Country Millions Acres 
India (including Pakistan) 
Egypt 6.0 
Japan 5.0 
Italy 4.0 


China also had large irrigated area mainly from wells, tanks and small 
canals. 

appears that during the nineteenth century the total irrigated acreage 
the world grew from about million acres, the beginning the century, 
about 100 million acres towards its end. But the more important result 
the pioneering efforts the field irrigation during the nineteenth century 
were the advances made the science hydraulics and the technique 
planning, constructing and operating large irrigation projects. the turn 
the century, millions acres once desert areas had been turned into green 
fields and gardens, several new villages and towns had come into being and 
there was new life where there had been none before. Irrigation had emerged 
successful method increasing agricultural production and reclaim- 
ing the desert for the use the civilized community. 


Growth Irrigation the Twentieth Century 


The outstanding success some the irrigation projects undertaken 
the latter half the previous century opened new vistas agricultural de- 
velopment almost all arid and semi-arid countries the world. Govern- 
ments, which some countries had played only passive role the previous 
century, now began realize the economic potential which lay irrigation 
development; the problems created the two World Wars provided inevit- 
able urge towards reclamation and improved agriculture. Irrigation planners 
began think terms bolder projects—large scale diversions from one 
river across another populate waste lands the distance; medium sized 
storage projects with dams 100 ft. high more; large scale pumping 


underground waters. Improvements the use water, equitable distribution 
the entire length long canal system, construction permanent massive 
barrages sandy foundations and various other new features opened ho- 
rizons for the engineer his efforts stall famine and bring civilization 
the desert. 
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After World War new types machinery, new methods construction, 
new advances hydraulics and improved developments high-dam con- 
struction were all brought bear the war against the desert. Irrigated 
acreage increased parabolic rate. 

The notable achievements during the first half the present century the 
field irrigation development include: 


Australia, the setting the river Murray Commission 1915; 

Egypt, the completion the Aswan Dam 1902 and its subsequent rais- 
ing 1912 and again 1934; 

India, the construction the Triple Canals Project (now Pakistan), 
the Sutlej Valley Project (partly Pakistan) and the Sukkur Barrage Project 
(now Pakistan) each irrigating several millions acres every year, the 
Sarda Canal Project, the Mettur and Krishnarajasager dams the Cauvery; 

Iraq, the Hindiyah Barrage across the Euphrates built 1913, and the 
Kut Barrage across the Tigris completed 1939; 

Mexico, the setting the National Irrigation Commission 1926; 

A., the enactment the Reclamation Act 1902 and the establish- 
ment the Bureau Reclamation, the Hoover Dam, the Grand Coulee dam 
and irrigation developments the Western States. 


After World War the disparity the standards living different 
parts the world became more and more significant, and, for the first time, 
the world large came learn with visible horror, and distress, that there 
were large areas, entire countries and continents, where millions people 
were facing eternal famine. The good mankind revolted and renewed ef- 
forts, both nationally and internationally, began made for the increase 
food production inter-alia providing irrigation facilities. 

From 100 million acres, the beginning the twentieth century, the irri- 
gation acreage the middle the century had increased almost threefold 
nearly 300 million acres. The efforts being made for further increasing irri- 
gation facilities, almost every part the globe, have never been great 
today. Long-range and ambitious plans for the development irrigation, 
some conjunction with other river valley developments, are under way 
different countries meet the challenge the growing population, raise 
the standards nutrition, mitigate the effect drought and bring se- 
curity, stability and prosperity people who depend lands which either 
produced only catch crops crops all. appears that, during the next 
five years, the total irrigated area the world would have increased about 
per cent and would safe guess that well before the year 2000, the 
irrigated acreage the world would have exceeded the 500 million mark. 

The Twentieth Century can well called The Century Irrigation. 


Administration Irrigation Projects 


general, natural waters belong the community whole and, most 
countries, governments exercise varying measure control over their use 
the public interest. 

also generally recognized that participation government one form 
another necessary for optimum exploitation the water resources for 
maximum good. countries like Burma, Ceylon, Egypt, India, and Pakistan, 
irrigation developments have always taken the form public works undertaken 
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Table 1.—World Important New Irrigation Developments Under Way 
and Areas Irrigated Countries 


reas Millions 
Acres 


New Developments 


Snowy River Scheme, and Big Eildon 
Dam 


Australia 


Canada 


Various Projects 2.0 
Chile Works under Construction 1.0 
China Restoration major and minor 
works and digging wells 11.8 
Egypt Aswan Dam 2.0 
India Bhakra Nangal Project, Damodar 
Valley Projects, Hirakud Projects, 
Rihand Valley Project, and 
Nagarjunasagar Project 6.0 
Italy Ten Year Program 1.6 
Mexico Miguel Hidalge, and Alto Canal 
(1953-59) 3.5 
Pakistan Taunsa Barrage Project, Lower 
Sind Barrage Kotri, Upper Sind 
Barrage Gudu 
Thailand Chao Phya, Increasing Irrigation 
Works (1952-59) 4.8 
Turkey Total Additional Area planned 2.0 


Colombia Basin Project, Central 
Valley Project, and Missouri 
Basin Project 


Karakuram Canal, North 
Crimean Canal, Upper Shirvan 
Canal, South and Central Golod- 
naya Stepe Canal 


tw 


Yugoslavia Ten-Year Program 1.3 
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After World War new types machinery, new methods construction, 
new advances hydraulics and improved developments high-dam con- 
struction were all brought bear the war against the desert. Irrigated 
acreage increased parabolic rate. 
The notable achievements during the first half the present century the 
field irrigation development include: 


Australia, the setting the river Murray Commission 1915; 

Egypt, the completion the Aswan Dam 1902 and its subsequent rais- 
ing 1912 and again 1934; 

India, the construction the Triple Canals Project (now Pakistan), 
the Sutlej Valley Project (partly Pakistan) and the Sukkur Barrage Project 
(now Pakistan) each irrigating several millions acres every year, the 
Sarda Canal Project, the Mettur and Krishnarajasager dams the Cauvery; 

the Hindiyah Barrage across the Euphrates built 1913, and the 
Kut Barrage across the Tigris completed 1939; 

Mexico, the setting the National Irrigation Commission 1926; 

A., the enactment the Reclamation Act 1902 and the establish- 
ment the Bureau Reclamation, the Hoover Dam, the Grand Coulee dam 
and irrigation developments the Western States. 


After World War the disparity the standards living different 
parts the world became more and more significant, and, for the first time, 
the world large came learn with visible horror, and distress, that there 
were large areas, entire countries and continents, where millions people 
were facing eternal famine. The good mankind revolted and renewed ef- 
forts, both nationally and internationally, began made for the increase 
food production inter-alia providing irrigation facilities. 

From 100 million acres, the beginning the twentieth century, the irri- 
gation acreage the middle the century had increased almost threefold 
nearly 300 million acres. The efforts being made for further increasing irri- 
gation facilities, almost every part the globe, have never been great 
today. Long-range and ambitious plans for the development irrigation, 
some conjunction with other river valley developments, are under way 
different countries meet the challenge the growing population, raise 
the standards nutrition, mitigate the effect drought and bring se- 
curity, stability and prosperity people who depend lands which either 
produced only catch crops crops all. appears that, during the next 
five years, the total irrigated area the world would have increased about 
per cent and would safe guess that well before the year 2000, the 
irrigated acreage the world would have exceeded the 500 million mark. 

The Twentieth Century can well called The Century Irrigation. 


Administration Irrigation Projects 


general, natural waters belong the community whole and, most 
countries, governments exercise varying measure control over their use 
the public interest. 

also generally recognized that participation government one form 
another necessary for optimum exploitation the water resources for 
maximum good. countries like Burma, Ceylon, Egypt, India, and Pakistan, 
irrigation developments have always taken the form public works undertaken 
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Table 1.—World Important New Irrigation Developments Under Way 
and Areas Irrigated Countries 


reas Millions 


Country Acres 


New Developments 


Snowy River Scheme, and Big Eildon 
Dam 


Australia 


Canada 


Various Projects 2.0 
Chile Works under Construction 1.0 

Restoration major and minor 

works and digging wells 
Egypt Aswan Dam 2.0 
India Bhakra Nangal Project, Damodar 

Valley Projects, Hirakud Projects, 

Rihand Valley Project, and 

Nagarjunasagar Project 6.0 
Italy Ten Year Program 1.6 
Mexico Miguel Hidalge, and Alto Canal 

(1953-59) 3.5 
Pakistan Taunsa Barrage Project, Lower 

Sind Barrage Kotri, Upper Sind 

Barrage Gudu 
Thailand Chao Phya, Increasing Irrigation 

Works (1952-59) 4.8 

Total Additional Area planned 2.0 


Colombia Basin Project, Central 
Valley Project, and Missouri 
Basin Project 


Karakuram Canal, North 
Crimean Canal, Upper Shirvan 
Canal, South and Central Golod- 
naya Stepe Canal 


Yugoslavia Ten-Year Program 
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the state. Other countries like Australia, Canada and A., where 
the early stages governments only played passive role irrigation develop- 
ments best encouraged such developments individuals, groups 
individuals associations, have since come appreciate the importance 
proper and planned utilization water resources and have started assume 
increasing responsibility for their development. There are, however, few 
countries like Uruguay where irrigation still exclusively private. 

Administrative control irrigation developments exercised different 
countires (i) the federal government, (ii) state provincial governments, 
(iii) authorities, corporations, commissions control boards appointed 
government, (iv) special organizations set deal with international rivers, 
(v) irrigation districts prefectures, (vi) private agencies non-profit 
commercial nature. 

Algeria, Burma, Ceylon, Chile, Egypt, Mexico, Philippines, Sudan, 
Syria, and Thailand, the investigation, design, construction and operation 
irrigation works the responsibility technical organization under 
Minister. 

Australia, Canada, India, and Pakistan, irrigation state pro- 
vincial subject and the development irrigation primarily the responsibili- 
State Governments, who have their own irrigation departments. The ex- 
ceptions are: Australia, the River Murray Commission administers the 
development the inter-State river Murray, and India, the Damodar Valley 
Corporation, semi-autonomous body somewhat the lines Tennessee 
Valley Authority (TVA) U.S.A. has been set connection with the 
Damodar Valley Project. 

India, the Central Government also has power legislate the regu- 
lation (direction, coordination and control works) and development 
inter-state rivers and river valleys. view the magnitude multipurpose 
projects and the inability most the states finance them their own 
and further ensure coordinated development all parts the country, the 
Planning Commission consultation with the central Ministry Irrigation 
and Power and the State Government concerned fixes priorities consistent 
with the funds, material and technical manpower available. 

The Central Water and Power Commission the Government India 
charged with the responsibility initiating, coordinating and furthering the 
utilization water resources for purposes irrigation, power, navigation 
and flood control, and for advising inter-state water disputes. 

The Bhakra Dam Project being constructed the participating states 
Punjab and Rajasthan their respective territories but Control Board 
having representatives the two states and the Centre overall charge 
the project. Similar Boards have been set for the Chambal, Kost, 
Tungabhadra and Nagarjunsagar Projects. After completion the projects, 
the Control Boards will hand over the works the States concerned for 
maintenance and operation. 

The administration river valley projects and other irrigation works 
China under the control the Central Ministry Water Conservancy. 
dealing with the three main river basins viz., the Yellow River Basin, the 
Huai River Basin, and the Yangtze River Basin, the Central Government has 
constituted separate Committee for each. These Committees draw and 
construct schemes for the entire river basin covering many provinces. Under 
each Committee, there are number Departments such General 
Administration, Engineering, Finance and Political. 


For 
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France, irrigation developments the 19th century were under- 
taken the Societes Concessionnaires (Societies enjoying concessions) with 
state guarantee interest. The recent development the Lower Rhone 
Basin, through the Compagnie Nationale Rhone, essentially private de- 
velopment under state-proved plan with state guarantee private in- 
vestment made the company. 

Italy, the Government encourages the creation associations for irri- 
gation projects and subsidises the works carried out them: all plans 
are required approved the Ministry Public Works. The works 
carried out the State are also handed over the associations receipt 
due indemnity. 


Japan, the Ministry Agriculture and Forestry charge irri- 
gation and drainage works. Irrigation projects are executed and operated 
either the Central Prefectural Government; smaller works are con- 
structed farming cooperatives but the Central Government has authority 
over the works and subsidizes them. case multipurpose projects, the 
activities the Ministry Agriculture and Forestry and ther Ministries con- 
cerned are coordinated the Economic Planning Board the Prime Minis- 
ter’s Office under the direction the Multipurpose Land (and Water) Develop- 
ment Council. executing multipurpose projects, each Ministry does its 
share the work. 


the A., there are several types administrative organizations, 
private, irrigation districts, state, interstate and Federal. 

Private agencies, comprising individual and partnership enterprises, co- 
operative mutual enterprises, and commercial enterprises, from their 
nature cannot undertake very big projects. Nevertheless these agencies have 
played significant role irrigation developments the 

Irrigation Districts are public corporations with power issue bonds and 
contract with the United States Government, with private agencies, for 
the construction irrigation works and levy taxes the lands for re- 
payment the costs construction and for meeting the costs operation 
and maintenance, and are operated board directors elected the land 
owners. 

Interstate compacts between different states govern the distribution the 
waters some interstate rivers. 

Federal coordination water resources development may and has been 
undertaken two different ways; (i) creating agency specially designed 
for the purpose and (ii) establishing inter-agency coordination committees, 
which bring together the several single-purpose federal agencies national 

The Bureau Reclamation, Federal Agency, plans, designs and con- 
structs projects, under the Reclamation Act 1902, and ultimately transfers 
them the irrigation districts for operation and maintenance. 

R., the Union Ministry Agriculture overall charge all 
irrigation developments the country. Water Ministries each Union Re- 
public, subordinate the Union Ministry Agriculture, control all the Re- 
publican water development organizations. Irrigation projects affecting more 
than one state co-operative water utilization enterprises are controlled 
the State Water Development organizations. Operation managements canals 
inter-republican significance are under the Head, Water Department 
under one the Union Republic Water Ministries. For very large irrigation 
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systems, operative service the main canal organized into special canal 
operation management. 


Financing Irrigation Projects 


Egypt, Indonesia, Thailand and government assumes full 
financial obligation for construction and operation costs and re-imburses itself 
indirectly through excise other taxes the produce and through land tax. 
water rates are charged the irrigators. 

the other end the line are the developments some countries 
private financiers with the personal profit motive. 

Between these two extremes there are many intermediate patterns. 

Algeria and Morocco, the Government meets the cost dams which 
not reimbursable but the irrigators pay fee for the use water cover the 
maintenance and operation cost dams and irrigation networks and amorti- 
zation charges for the latter. 

Australia, Burma, and Italy capital cost all irrigation works met 
the Government and non-reimbursable. Returns obtained from water 
rates are barely sufficient meet operation and maintenance costs. 

British Guiana, maintenance charges some places are considered be- 
yond the ability the cultivator pay and reduced rates are charged. The 
Government subsidises giving annual grants the Drainage and Irrigation 
Board which controls irrigation works the country. 

The Government Canada pays the total cost construction the main 
reservoirs and connecting canals its non-reimbursable share. The Pro- 
vincial Governments finance the remaining construction well the initial 
operation and maintenance but their expenditure would eventually reim- 
bursed wholly part the irrigators. 

China, the general criteria for investment particular projects seems 
the basis maximum benefits the peasants. The projects are not 
required pay any interest the Government. For the annual maintenance 
works, water rates are collected from the peasants and the income aug- 
mented grants from Government. 

India and Pakistan, irrigation, national enterprise, runona 
quasi-commercial basis. The capital cost project financed either from 
general revenues from public loans raised the open market partly 
levy tax unearned income through increase the value land because 
the provision irrigation facilities. The water users pay water rates per 
unit area varying with the type crops and increased land taxes depending 
the type land. These rates are not dependent the cost construction 
and maintenance but have most cases been able meet interest capital 
and the cost operation and maintenance. 

Israel and the Philippines, capital and operation costs are met 
charge water supplied, spread over number years. 

Mexico, the Government levies tax the lands irrigated which 
generally less than the cost providing irrigation. Because farmers 
recognize the necessity storage works and public funds are limited, has 
been possible finance parts the irrigation systems like main canals 
distribution systems direct cooperation from the farmers. such cases 
water users either sign contracts for repayment cost 2-years 
years terms which can negotiated with some credit institution they 
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pledge themselves buy bonds for the purpose. Water users can use these 
bonds pay for contracted obligations repayment for irrigation works. 

Syria, beneficiaries share the cost irrigation construction and pay 
part the maintenance cost. 


Irrigation Projects the Federal Bureau Reclamation 


the costs allocated irrigation, whether single multi- 
purpose projects, are reimbursable without interest. single-purpose 
projects, the water users through their legally constituted organizations must 
assume responsibility for repayment the entire capital cost. multi- 
purpose projects, the water users must assume responsibility for the capital 
costs allocated irrigation the Federal Bureau unless power development 
involved and revenues therefrom are available for repayment part the 
irrigation costs. 

Under present procedures, unless otherwise specifically authorized the 
Congress, power revenues from multipurpose projects are made available for 
meeting costs allocated irrigation only when the lands involved are served 
from the same multipurpose project. has been proposed that all such reve- 
nues within major basins pooled and made available for the development 
land anywhere within the basin the basis the most beneficial use irri- 
gation 

generally conceded that the benefits resulting from the construction 
project, from the handling and use agricultural produce and associated 
intangible benefits, extend well beyond the areas within and immediately ad- 
jacent the projects. recognition this, certain States have authorized 
the establishment conservancy districts with taxing power help defray 
project costs. 

Yugoslavia, irrigation projects are financed out long term loans from 
the State National Bank with low rate interest. Maintenance expenses are 
met out contributions members the water associations. the capital 
cost and maintenance expenses project are too high for the members 
the water association and the project considered important for the country’s 
economy, the Government contributes towards the cost construction. 


Current Problems Relating Irrigation Development 


has been stated earlier that some the basic difficulties connected with 
the development major irrigation schemes had been overcome the end 
the nineteenth century. The spectacular developments the field irri- 
gation during the present century have, however, brought forth many new 
problems. 

many countries, and many projects, drainage operations have not kept 
pace with the development irrigation. The benefits drainage are not 
clearly apparent the result irrigation and Governments have been slow 
undertake extensive drainage programmes. now universally recog- 
nized that every irrigation system must have adequate drainage system— 
the more intensive the irrigation the more intensive the drainage system 
required, 

Seepage from canals, irregular distribution waters, the tendency 
farmers apply large depths water, and misuse water, and inefficient 
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and inadequate drainage have all contributed considerable rise the sub- 
soil water-table many projects, leading soil water-logging and sterility. 

general characteristic soil all arid and semi-arid countries the 
presence sodium salts the soils. When the total soluble salt content 
the soil exceeds 0.18-0.25 per cent (depending the clay content), the toxic 
effect, due the presence free sodium salts, reduces crop yield appreci- 
ably. Partly account the rising water table and partly account mal- 
irrigation practices, most arid and semi-arid countries, there growing 
problem caused accumulation salts near the surface and the root zone 
and consequent deterioration and loss fertility irrigated lands. 

With the present tempo irrigation developments, the increasing demand 
water for industrial use, and the large increase municipal requirements, 
shortage water supplies already being felt some parts the world; 
many others the problem will become apparent before long. The available 
water resources most countries are being fast used and there going 
general competition, not the distant future, between irrigation and 
other uses water. This inter alia calls for the maximum possible economy 


the conveyance irrigation waters from source the field, and its use 
the farms. 


International Commission Irrigation and Drainage 


was view the problem mentioned above, the context growing 
irrigation consciousness all parts the world, that the International Com- 
mission Irrigation and Drainage was set about eight years ago June 
1950. India with its vast developments the field irrigation, both past and 
future, rightly took the initiative sponsoring this international co-operation. 
The effort has been more than justified. 


the early history irrigation development, the engineers charge were 


content learn from their own mistakes, often disastrous and costly. There 
was considerable duplication effort, both nationally and internationally, 
the development irrigation technique and connected research. The modern 
communication system has now brought various parts the world much clos- 
together and has been made possible, much more than ever before, for 
the planner and the designer water resources development benefit from 
the experience gained the world whole. The Commission provides the 
necessary machinery for this purpose. 

The purpose the International Commission Irrigation and Drainage 
stimulate and promote the development and application the science and 
technique irrigation, drainage, flood control and river training the engi- 
neering, economic and social aspects. 

The Commission has National Committee each participating country. 
Originally set 1950, with National Committees countries, the 
number National Committees had December 1957 increased 40—a 
remarkable development the field international co-operation. The ac- 
companying map shows the geographic distribution the National Committees 
the Commission. 

The International Executive Council, which manages the affairs the Com- 
mission, holds its meetings annually. After the first two meetings Simla 
and New Delhi (India), the Council has successively met Chicago (U. A.), 
Bangalore (India), Algiers (Algeria), Montreux (Switzerland), Madrid (Spain) 
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Table 2.—Member Countries the International Commission 


Irrigation and Drainage 


Algeria 24. Malaya 
Australia 25. Mexico 
Austria 26. Morocco 
British East Africa 27. Nayasaland 
British Guiana 28. Netherlands 
Canada 29. Nigeria 
Ceylon 30. Pakistan 
Cyprus 31. Philippines 
Czechoslovakia 32. Poland 
10. Egypt 33. Portugal 
France 34. Rhodesia 
12. French Eq. Africa 35. Spain 
13. French West Africa 36. Surinam 
14. Greece 37. Switzerland 
15. Hungary 38. Syria 
16. India 39. Thailand 
17. Indonesia 40. Tunisia 
18. Iran 41. Turkey 
Iraq 42. United Kingdom 
20. Israel 43. 
Italy 44. U.S.A. 
22. Japan 45. West Germany 
23. Madagascar 46. Yugoslavia 


and San Francisco (U. The ninth meeting the Council will held 
Rome (Italy) 1958. 

The Commission has held three progressively successful Congresses. The 
first was held New Delhi January, 1951, the second Algiers April, 
1954, and the third San Francisco May, 1957. The fourth Congress will 
held Spain 1960. The transactions the first congress have been 
published two volumes and those the second Congress three volumes. 
The transactions the third Congress comprising five volumes are under 
print. 

The Commission issues Annual Bulletin containing articles the ad- 
vances made different countries the technique and research relating 
irrigation and drainage, other statistical data and technical information. 
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publication ‘Irrigation the World—A Global Review” has been is- 
sued; contains brief history the development irrigation, description 
important projects, administrative set-up and methods financing, etc., 
about countries the world. 

The Central Office the Commission brings out regularly, starting from 
1957, annual bibliography the literature relating irrigation and drain- 
age, published different member countries. 

The Commission has also prepared, part multilingual technical 
dictionary irrigation and drainage, definitions with illustrations, where re- 
quired, over 2,100 technical terms; further work progress. 

The Central Office the Commission maintains technical library irri- 
gation and drainage engineering and allied subjects and arranges interchange 
publications between its various National Committees. 

The Council has recently approved that studies and experiments conser- 
vation and economical use water supplies and other subjects interest 
organized the Commission with the help its National Committees. 

The Research Planning Committee, appointed the Council, has decided that, 
the first instance, studies and experiments carried out the following 
two subjects: 


(1) Methods reduce evaporation losses from water surfaces such 
storage reservoirs and tanks. 

(2) Consumptive use water for sugar cane, rice, wheat and cotton under 
different soil and climatic conditions. 


Through the whole-hearted cooperation its National Committees the 
Commission progressively endeavoring perform the task undertaken 

The Commission founder member the Union International Engi- 
neering Organizations set October 1950, and has received considerable 
support through from UNESCO. The Commission participates the meet- 
ings the Advisory Committee Arid Zone Research. 

The Commission was granted Consultative Status the Economic and 
Social Council the United Nations April, 1954, and special Consultative 
Status the Food and Agricultural Organization November, 1955. 


Special Problems Relating International Rivers 


Reference has been made the preceding pages the shortage water 
supplies meeting the combined requirements irrigation, industry and 
municipal uses which already being felt some countries and which 
likely become apparent others before long. The competition between 
different types uses has also been mentioned. The solution these 
problems, difficult is, becomes all the more difficult international 
rivers. world population continues grow, and there increasing 
urge towards improved standards living, different countries are getting 
more and more interested their vital water supplies and international ri- 
valries are the 

Treaties and agreements between nations, developed the basis fact 
and understanding, are the only solution this tenden- 
cies and sometimes deep-rooted prejudices, however, are difficult hurdles 
cross. 
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Even within country, within the same economic unit, questions relating 
water rights present considerable difficulty their solution; much more 
when the conflicting interests are represented two more different politi- 
cal and economic units. 

Currently, two international organizations, the Institute Droit Inter- 
nationale and the International Law Association, have taken upon themselves 
the task proposing some general principles which, their view, all the 
nations the world should accept for settlement their respective rights 
the waters international rivers. 

hoped that the principles which they would put forward would 
take due account the ever-improving engineering techniques and the ever- 
increasing demands the use available water resources for agricultural, 
industrial and other purposes. the principles evolved these bodies 
not, for any reason, take due note these factors and are the nature 
rigid rules based incorrect incomplete appreciation modern techni- 
cal developments, they would defeat the very purpose for which they are being 
formulated. Not only will such principles not acceptable various Govern- 
ments but they might also, because their rigidity incomplete consider- 
ation technical developments, create additional artificial barriers the 
way agreement between nations. Since only these agreements that 
these disputes can resolved under the present political structure the 
world, the general principles evolved must take due note modern 
technical developments and varying social needs different countries. 

is, therefore, for the International Commission Irrigation and Drain- 
age, its various National Committees and other bodies interested irrigation 
development like the Irrigation and Drainage Division the American Society 
Civil Engineers apprise these eminent legal bodies the nature 
technical problems dealt with, and their diversity different parts 
the world and thus assist them the task that they have undertaken. 

first step, towards assisting developments international rivers, 
the Executive Council the International Commission Irrigation and 
Drainage, decided its meeting San Francisco that the Central Office 
the Commission, with the help its National Committees, should publish 
compendium all the existing treaties with regard the use the waters 
international rivers, together with relevant technical information. Work 
other fields also necessary and hoped that the International Executive 
Council will seize itself the problem; its solution requires degree ob- 
jectivity, forbearance and appreciation the “other man’s need” much more 
than found the political history the world. 
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The basic requirement our economy that some are, and all 
should concerned with, that supplying water, food, goods and services 
our people. Man must have these things and we, civil engineers, must 
plan and construct the water works, sewage plants, highways, airports, and 
industrial capacity meet our needs. 

connection with the these goods and services, there 
explosive force more important and one with greater potential impact than all 
expanding world population, 

The most heavily populated areas the world are gaining population 
rates per cent per year—they are already crowded and hungry. They 
are literally bursting the seams. Such conditions breed discontent and dis- 
content breeds trouble. this increase continues the present rate, will 
aggravate the present world-wide maladjustment. Only increased pro- 
duction food and fibre can this situation alleviated. 

being accomplished some foreign countries greater diversi- 
fied use their rivers. Water the lifeblood nations. India, Russia and 
China are building many multi-purpose river basin projects. 

meet the demands our own expanding population and economy and 
promote continuing high level national prosperity, essential that our 
water resources protected, developed and utilized simultaneously for many 
purposes. 

Conservative estimates indicate the United States will have 220 million 
essential water for our future needs, must plan and build every new project 
basis getting the maximum use water. 

The Bureau Reclamation agency the Department the Interior, 
has pioneered and built multipurpose developments the western United 
States. Relatively unhampered riparian restrictions and working under 
system beneficial use for the many, have gone forward with development 
the greatest extent consistent with present needs and for those 


Note: Discussion open until February 1959. extend the closing date one month, 
written request must filed with the Executive Secretary, Paper 1752 
part the copyrighted Journal the Irrigation and Drainage Division, Proceedings 
the American Society Civil Engineers, Vol. 84, No. September, 1958. 
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serve future generations. this work have been joined cooperatively 

other Department the Interior agencies; the Corps Engineers United 
States Army; the Department Agriculture; and many other Federal, State 
and local organizations. 

its work the West the general objective the Bureau achieve 
the maximum sustained use the surface water and ground-water supplies 
consistent with sound economic and engineering principles. The irrigation 
phase the Bureau’s work primarily that reclaiming arid land the 
West. Flood control, which goes hand-in-hand with conservation water, 
aimed safeguarding life and promoting economic stability. 
judicious use snow surveys and runoff forecasts, are able overlap 
flood control and conservation storage considerable degree Recla- 
mation reservoirs. 

These objectives and policies—along with the planning for hydroelectric 
power production, municipal and industrial water supply, navigation, fish and 
wildlife propagation, recreation, pollution control, sediment control, land 
drainage, and salinity control—provide the basis for our present-day concept 
basin-wide development. 

The lack dependable supply water times when most urgently 
needed results keen competition among different types use, such 
municipal and industrial water, irrigation and power. seek fill many 
these needs possible well using the water over and over again for 
the same purpose. 

The Bureau plans for the development any project take into account State 
laws governing water use. facilitate the equitable distribution in- 
sufficient water supply, all Western States have adopted statutes which 
recognize, greater lesser degree, the doctrine prior 

The basic principle this doctrine that the first person point time 
put the water beneficial use acknowledged the first right. 
greater refinement and clarification this principle would helpful multi- 
purpose basin-wide development. 

The constitutions statute laws many Western States specify that, 
among the various needs, domestic use shall have first preference, and agri- 
cultural use shall have preference over use for water power and 
ing. 

Some states also recognize the common-law doctrine riparian rights, 
under which owner land contiguous natural water course entitled, 
any time, use water for domestic purposes and for such irrigation 
contiguous land reasonable relation similar requirements other 
riparian users from the same stream. This latter doctrine not conducive 
multipurpose use the water and stumbling block development 
work, particularly the eastern part the country. 

Much has been accomplished the Western States water resource de- 
velopment even under these conditions. worth our while review the 
principles underlying reclamation programs and the purposes served. 

general, use purpose included Federal project unless the 
benefit derived exceeds the cost providing it. This may negative 
approach, especially where preservation fish, wildlife, scenic and historic 
values are involved. Nevertheless the cost allocated use should not 
less than the incremental cost including the purpose the project, nor 
more than the alternative justifiable expenditure which would provide the 
same benefit. the costs allocated are reimbursable, the recipients the 
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benefits should pay the additional costs operation and maintenance and 
fair share the project costs. However, not always that simple. 

Most the simple and relatively inexpensive irrigation projects the 
western United States have already been built. These are usually compact 
geographically and relatively simple operation. many new 
projects must necessity take wide geographical area. Many not most 
these new projects well those now under investigation considered 
for construction the Bureau Reclamation, have costs allocated irri- 
gation greater than the water users are able carry. 

However, because the proved value reclamation development, 
Congress has made provision many projects for the repayment the 
balance the cost allocated irrigation from net power revenues. This usu- 
ally occurs after the cost allocated commercial power returned with 
interest the Federal Treasury. Net revenues from the sale municipal 
water are similarly used occasion assist paying irrigation costs which 
are beyond the repayment capacity the irrigators. 

Thus hydroelectric power plants are very important part multipurpose 
reclamation projects. would wasteful not utilize the available energy. 
The irrigation and power add the economic development the entire area 
and the 

Power features are planned, designed and operated that energy gener- 
ation does not preclude optimum economic use water for other purposes, 
particularly the preferential uses for domestic and municipal supply and for 
irrigation. 

The Reclamation Project Act 1939 provides general authorization for 
allocation construction costs municipal water supply and similar purpos- 
es, provided such costs can returned with interest the United States. 

The laws most States recognize that human consumption has first prefer- 
ence among water users, obviously should. Consequently the supply 
water for municipal works primary importance relation other water 
supply matters. 

When planning multipurpose projects, not overlook any possibility 
providing additional services—such navigation—which might increase the 
total benefits project without interfering appreciably with its primary 
purpose. 

Where fishery resources are involved, the Bureau seeks provide 
measures protect and enhance fish life, insofar practicable. This ac- 
complished installing fish ladders permit migratory fish pass dams, 
installing screens exclude fish from irrigation canals, releasing water 
necessary maintain fish life and constructing fish hatcheries replace 
natural spawning areas for anadromous fish damaged destroyed project 
works. 

Recreational facilities such boating, swimming, picnicking, and camping 
provided cooperatively with groups States attract more people than would 
otherwise visit the project Last year more than million people visit- 
Reclamation projects for recreation purposes. 

ever-increasing problem water resource development pollution 
sewage, industrial wastes, and other sources. Pollution particular 
concern where municipal water supplies and water for recreational purposes 
contemplated. 

projects also are affected the quality water supply avail- 
able, primarily connection with the suitability the water from the 
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standpoint its effect upon the soil and the growth irrigated crops. 
Project works may detrimentally affected deposition waste products 
reservoirs and canals and chemical action wastes structures, con- 
trol works, and equipment. 

The effects sewage and industrial wastes upon recreational uses the 
watershed may justify pollution control measures. Pollution waters used 
for bathing, fishing, boating, major recreational features, may cause 
tangible damage and—even more significant—intangible harm. Conversely, 
reduction existing pollution may create such recreational opportunities. 

Sediment control essential the preservation ofthe capacity ofa multiple- 
purpose project. Sediment control primary importance irrigation 
operation and may provided desilting works reduce sediment inflow 
project canals and providing extra capacity reservoirs offset the 
encroachment sediment conservation capacity. 

Together with irrigation, drainage major factor land reclamation 
and hence important element water resource development. Land drain- 
age the West the seeming paradox removal excess water from agri- 
cultural lands enable irrigation practiced successfully and 
ly. necessary, course, prevent water-logging, accumulation 
harmful amounts salts, deterioration soil structure, and flood damages 
project non-project properties. 

irrigation spreads other parts the country may well expect the 
aggravation existing drainage problems the discovery new ones, 
adequate provision not made the design and construction facilities for 
removal excess waters. 

Salinity control includes the use water low dissolved solids dilute 
waters higher salt content, provision valley outflow sufficient repel 
saline encroachment areas affected tides, and recharging depleted 
ground-water reservoirs subject pollution salt water invasion. These 
objectives are achieved additional releases stored fresh waters, and 
have benefits beyond the immediate project area. 

Water high dissolved salts seacoast areas can also controlled 
other means exclusion, such structural fresh-water barriers 
prevent encroachment the sea water, ponding and evaporation small 
amounts highly saline surface water, return saline surface water 
ground-water basins which are already polluted. Mildly saline brackish 
waters can sometimes treated economically remove the salts making 
the water suitable for irrigation, municipal, industrial uses. 

this latter field, the Department the Interior’s Office Saline Water 
obtaining promising results its research economic means desalt- 
ing saline brackish water for irrigation and other use. 

Salinity control goes beyond water alone include maintenance satis- 
factory saline balance soils application sufficient quantities water 
and provision necessary drainage facilities assure adequate outflow 
salts from individual farms and from project and valley areas. 

the arid West, means reducing evaporation from lakes, reservoirs, 
and canals could major economic importance. Annual water losses from 
evaporation alone range feet depth western reservoirs, equiva- 
lent 6,000,000 acre-feet water. 

The Bureau, cooperation with other public and private agencies, has 
been experimenting the use hexadecanol reduce evaporation. This 
harmless, odorless, tasteless chemical quickly spreads across water 
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surface “locking in” water molecules. Promising results have been obtained 
small ponds and experiments are now under way larger reservoirs. 
Effectiveness large reservoirs will primarily determined the ability 
maintain monomolecular layer the chemical large surface area 
where wave and wind action tend break the film. hope may soon 
possible economically effect savings per cent more evapo- 
ration from reservoirs. 


Here, sketch form, the basic framework which guides the Bureau 

Reclamation planning the integration water uses the multiple-purpose 
development river basin the Western States. Let emphasize that 

each basin project presents its own problems which must resolved with- 
this framework effect the optimum economic use the available water. 
But you can see, multiple-purpose project provides widespread benefits 
far beyond the basic purpose irrigation, storage flood control. 

There great challenge engineers the Eastern half the Nation 
multipurpose planning for the most beneficial use its water supply. Need 
remind you what happening our eastern watersheds 

Consider the alarming drop ground-water the mid-West and parts 
the East and the concern over the dependability this supply. Drainage 
lands, channelization and the effect mushrooming expansion acres 


impervious roofs homes and paved streets and roads has caused quick run- 


a 


There less opportunity for ground-water replenishment areas where 
needed the most. This situation aggravated the consuming thirst 
many new industries which tap this source for high quantities for industrial 

use. 


Consider the greater quantities municipal and industrial waste which 
are conveniently disposed natural channels. Pollution our potable 
supplies densely populated areas serious problem which the engineers 
the Public Health Service and the state and local governments are fighting 
hard overcome. 


Consider the torrential rains which are quickly carried off drainage. 
You could say you watched flood-swollen stream: “There goes water 
supply for next year.” 

You should not overlook the color the flood water tumbles by. That 
turgid look comes from someone’s top soil. Also remind yourself that what 
you see energy being wasted brisk trip the sea, 

Consider too that last month’s flood flow may well out sea and not 
available quench the need thirsty crops and orchards. 

There great opportunity here then for the civil engineers the eastern 
half the country profit the experience the Bureau Reclamation, 


the Corps Engineers and other Federal, State and private engineering firms 
who are working together develop full use the limited water resources 

the western states. extending other areas the Nation the basic 
principles that have come out multipurpose river development the West, 


can take major step forward meet the forthcoming water crisis that 
appears inevitable. 

The State Virginia and other states are considering modification their 
laws water rights recognition the increasing need for full utilization 
the available water. Irrigation becoming recognized one useful 
purpose the East and South, along with the many 

The great challenge still lies before us. when look the future 
that the concept river basin planning, construction and operation becomes 
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critically important. Here the United States with its population increasing 
the rate three million year—30 million more decade—perhaps 
million the time takes plan and build large multipurpose project, 
cannot long delay. 

Our daily rate water use now more than 200 billion gallons but will 
double 1975. What must meet this need? Will multipurpose basin- 
wide planning and construction it? 

will more than any other approach the problem broaden our 
thinking and objectives along these lines: 


Revise our state water codes where necessary permit maximum de- 
velopment and multi-use water resources throughout the country. 

Include long range capacity for tomorrow facilities being built 
meet today’s needs. 

Recognize recreation and fish and wildlife values our rivers and 
streams they exist today, making honest effort retain these 
values the greatest degree possible and, conversely, give honest 
recognition the conservation interests analyzing the necessity for 
water development projects, inviting their participation and cooperation 
planning for adequate protection replacement and enhancement 
these resources. 

Evaluate existing single purpose projects determine how they may 
best utilized multipurpose basin concept 

Recognize that one agency, public private, and one unit 
government, local, state, Federal, can should undertake the total 
development but that each must consider the total need any project 
planning. 

Prepare coordinated programs for river basins enlisting State partici- 
pation and using funds available for public works planning that 
blueprint worked out provide for future construction proceed 
orderly manner towards the agreed-upon goal necessary supply 
the tremendous demands the next two decades. 

Establish democratically constituted and selected agency coordinate 
planning and operation individual units river basin within the 
framework maximum multipurpose 


you can judge from this summary, the path multipurpose basin de- 
velopment not without obstacles. the final analysis, most these obsta- 
cles are created the inability see more than one’s own particular water 
needs. 

engineers and those having primary responsibility for keeping our water 
supply ahead demand, must not confine our thinking the design and 
construction physical structures. must keep mind the importance 
public understanding and acceptance the measures which are necessary 
are realize the greatest benefits from our available water resources. 

Only then can hope for success meeting the country’s water needs. 
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STATE VERSUS FEDERAL CONTROL WESTERN WATERS 


(Proc. Paper 1753) 


The 1955 decision the United States Supreme Court the Pelton Dam 
case serious threat the the western (reclamation states 
over the control non-navigable waters within their borders. Congress has 
repeatedly affirmed such sovereignty and must again terms which 

cannot misconstrued. 


The gradual encroachment some departments and agencies the feder- 
government the rights the states control the appropriation and use 
non-navigable waters causing great concern among the reclamation 
states. The assumption federal jurisdiction over inland streams and waters 
seems violation the many acts Congress which have stated 
uncertain terms that the federal agencies must comply with state laws relat- 
ing the appropriation water. The matter must resolved into either 
federal control the one aand continuation state supervision and con- 
trol the other. 

The law prior appropriation water originated among the miners 
California the earliest days that state, and has been copied most 
the western states. Rights the water came with the acquisition title 
the lands the United States. There has been some discussion the 
origin our title what was known the “Oregon Country,” and there 
question whether such title was derived from the Louisiana Purchase di- 
rectly discovery and prior possession. any rate, the map the United 
States issued the General Land Office states that the title was 

The earliest water laws grew out customs these California miners 
and the rules they adopted mass meetings. These rules covered wide 


Note: Discussion open until February 1959. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. Paper 1753 
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field law but were devoted specifically property rights. Their funda- 
mental principle held the natural resources free all, the first pos- 
sessor being protected. The rule, “First come, first served,” was applied 
common acceptance. 

the use large quantities water became essential mining oper- 
ations, became one the mining customs regulations that the right 
definite quantity water and divert from streams lakes could ac- 
quired prior appropriation. Historically, the law appropriation water 
merely branch mining law. was only extension the same rule 
that which possession mining claims was recognized. 

When the state courts were organized and received the questions growing 
out these appropriations water the miners, the necessity was thrown 
upon the court giving legitimacy some way these things that had tran- 
spired and were firmly established. There was immediate conflict 
contentions. This conflict existed along two distinct grounds. One was the re- 
lation these new rules the common law which, general, applies 
water, the so-called riparian doctrine. The other was the relation the 
appropriators the United States government, the landowner the region 
that the pioneers were appropriating themselves without federal authoriz- 
ation. The first was question local law; the second, question federal 
public land law. 

For years, from 1848 1866, the local regulations and customs, en- 
forced and molded the state courts and implemented state legislation, 
constituted the law governing all property minerals and water the public 
lands. The system was basically good, and Congress recognized that fact. Its 
recognition legislative form became the act July 28, 1866, declaring that 
mineral lands the public domain were free and open exploration and 
occupation, and providing that water rights which were vested and accrued 
priority possession under local customs, laws, and decisions should 
federally recognized and protected. 

The possessory rights vested the 1866 act were further extended and 
protected Congress the act July 1870. Mr. Justice Sutherland 
the United States Supreme Court stated that the effect these two acts was 
not limited rights acquired before 1866. “They reach into the future 
well,” said, “and approve and confirm the policy appropriation for 
beneficial use, recognized local rules and customs, and the legislation 
and judicial decisions the arid-land states, the test and measure 
private rights and the non-navigable waters the public domain.” 

the Desert Land Act March 1877, which was applicable eleven 
states and potential states, Congress specified that all surplus non-navigable 
waters, over and above bona fide prior appropriations, should remain free 
for the appropriation and use the public for irrigation, mining, and manu- 
facturing purposes. Mr. Justice Sutherland said that the language this 
act was given its natural meaning, and the Supreme Court that time 
saw reason why should not given that meaning, effected severance 
all non-navigable waters upon the public domain, not theretofore appropri- 
ated, from the land itself and made such waters available for appropriation 
under state laws. 

stated the opening paragraph, there seems conflict between 
the desires and intent the Congress, evidenced many pieces legis- 
lation, and the decisions the United States Supreme Court. The Congress 
has stated over and over again that federal agencies must comply with state 
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laws the appropriation and use water. The Supreme Court gives 
weight whatever these acts Congress, but bases its rulings its own 
interpretations the United States Constitution, particularly the commerce 
clause. The commerce clause set forth Article Section states that 
Congress shall have power “To regulate commerce with foreign nations, and 
among the several states, and with the Indian tribes.” its ever-broadening 
interpretations this clause, the court has held that the federal government 
has the paramount right control navigable streams, streams which can 
made navigable artificial means, streams which themselves are 
non-navigable but which flow into navigable waters—all regardless that there 
may possibility use these streams interstate foreign 
commerce commerce with Indian 

plain language, which expresses the views many, perhaps all the 
western states, Congress the one hand trying preserve the rights 
the states control and regulate the appropriation and use water, and the 
Supreme Court, the other hand, appears placing arbitrary and unfair 
interpretations the commerce clause the Constitution order keep 
the paramount control western waters the United States. 

illustration the intent the Congress, the thoughtful reader 
should look the language some the important pieces legislation, be- 
ginning with the Reclamation Act 1902. Section that act provides: 


nothing this Act shall construed affecting intended 
affect any way interfere with the laws any State 
relating the control, appropriation, use distribution water used 
irrigation, any vested right acquired thereunder, and the Secretary 
the Interior, carrying out the provisions this Act, shall proceed 
conformity with such laws, and nothing herein shall any way affect 
any right any State the Federal Government any landowner, 
appropriator, user water in, from any interstate stream 
the waters thereof: Provided, that the right the use water acquired 
under the provisions this act shall appurtenant the land irrigated, 
and beneficial use shall the basis, the measure, and the limit the 
right.” 


Section 9(b) the Federal Power Act requires that applicant the 
Federal Power Commission for license shall submit the Commission 


“Satisfactory evidence that the applicant has complied with the re- 
quirements the laws the State States within which the proposed 
project located with respect bed and banks and the ap- 
propriation, diversion and use water for power 


Section the Federal Power Act reads: 


“That nothing herein contained shall construed affecting intend- 
ing affect any way interfere with the laws the respective 
states relating the control, appropriation, use distribution water 
used irrigation for municipal other uses, any vested right ac- 
quired 


Probably the worst single setback the rights the states control the 
distribution and use water was the Pelton decision the United States 
Supreme Court June 1955. (Official title the case Federal Power 
Commission State Oregon, Ct. 832) this decision the Supreme 
Court upheld the authority the Federal Power Commission issue 
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license for major hydroelectric project Deschutes River, Oregon, even 
though water right for the project had been granted the state. held 
that was not necessary for the applicant for federal license even apply 
the state for water right. 

The Deschutes River non-navigable tributary the Columbia River 
and entirely within the State Oregon. application for license for 
project this stream was made the Federal Power Commission 1949, 
and the applicant also applied the Hydroelectric Commission Oregon for 
state license. The Oregon Commission refused issue license because, 
condition precedent construction, was necessary under Oregon 
statute that permission granted the Oregon State Fish Commission. The 
applicant and the Fish Commission could not did not agree upon the 
measures necessary for protection the runs anadromous fish the 
stream. 

Following this, and notwithstanding that the applicant did not have per- 
mission the state, the Federal Power Commission issued license for the 
project. rehearing being denied, the state sought review the Court 
Appeals for the Ninth Circuit. That court set aside the Federal Power Com- 
mission’s order granting the license. (211 347) held that Congress, 
its public lands legislation, long ago had transferred the State Oregon 
such control the use non-navigable waters and that the applicant must 
secure permission the state. 

The United States Supreme Court granted certiorari and reversed the Ninth 
Circuit Court Appeals. While confirming many previous decisions that the 
state had control the use water public lands, held that the lands here 


involved were reserved lands distinguished from public lands. The court 
said, 


“The lands before this case are not ‘public lands’ but ‘reser- 
vations’. Even without that express restriction the Desert Land Act 
sources water supply public lands, these Acts would not apply 
reserved lands.” 


The Pelton decision, considered separately and applied only the 
Deschutes River, would have very serious consequences. There was 
difference opinion among the people Oregon whether the project 
should built, some holding that the Deschutes River this location more 
valuable fishing and recreational stream and for the passage and spawn- 
ing anadromous fish, and others maintaining that the recreational possibili- 
ties would enhanced construction the project. Regardless the 
merits, the decision critical affects the control the state waters 
many other streams which there are federal power site reservations. 

map Oregon which these reservations are marked shows that practi- 
cally every potential power site has been reserved. There also the 
question not completely answered the decision whether applies 
reserved lands the national forests and Indian reservations. 

The State Oregon has been complacent through the years, with the firm 
conviction that would have complete control over the rights appropriate 
water for beneficial use and the further right say whether not power de- 
velopments should permitted any particular stream. The state has 
from time time withdrawn certain waters from appropriation for power, 
holding that certain streams were more valuable for fish and recreation than 
for power. examples, consider Multnomah Creek, which forms Multnomah 
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Falls, withdrawn from appropriation the legislature many years ago 
order preserve the falls nationally scenic attraction, Also, 
many years ago, withdrew the Rogue River from appropriation for power 
purposes, prohibiting construction dams this region below designated 
point. the section the stream withdrawn, there are several power site 
reservations. this Pelton decision the law, the Federal Power Com- 
mission could license hydroelectric projects Multnomah Creek and this 
withdrawn section the Rogue River, and such projects could built, not- 
withstanding the protests the state. 

appears clear that the Congress enacting the Federal Power Act very 
clearly expressed its intention that water rights for any project licensed 
the Federal Power Commission must have approval the state. 

Nothing can gained merely criticizing the decision the United 
States Supreme Court. The only possible way obtaining corrective action 
through new legislation Congress stating uncertain terms that any 
license issued the Federal Power Commission shall not effective unless 
and until the licensee has obtained permission from the state states 
which the project located. 

Many authorities Western water law have pointed out what seems 
fallacy the Supreme Court decision. While reconfirming the court’s 
many decisions holding that the state has full control water the public 
lands, goes state that “these are not public lands.” But the court ap- 
parently ignored the fact that they were public lands when the Desert Land 
Act was passed 1877. did not explain how the President executive 
order 1910 could take back the control water which was separated from 
the land the Congress 1877. the Department the Interior has that 
authority, could now reserve all the remaining public lands along all 
streams and, doing, completely deprive the state any control the 
waters on, running through, these public lands. 

Following are some quotations from the dissenting opinion Mr. Justice 
Douglas, which printed along with the Supreme Court decision June 
1955. Justice Douglas expresses clear and concise language the concepts 
the states must make definite and strengthen new legislation. said, 


would not suppose the United States could erect dam this non- 
navigable river without obtaining its water rights accordance with 
state law. right that assumption, then this dam cannot built 
without satisfying Oregon’s water-rights law. For the federal licensee 
who will build this dam acquires all its rights from the United States. 
And the United States cannot give what does not have.” 


“Oregon’s position has for its support two other decisions this Court, 
both construing the Desert Land Act. The first these California 
Oregon Power Co. Cement Co., 295 U.S. 142, which construed the 
provision the Desert Land Act, crucial reads: ‘all 
surplus water over and above such actual appropriation and use, together 
with the water all lakes, rivers and other sources water supply 
upon the public lands and not navigable, shall remain and held free 
for the appropriation and use the public for irrigation, mining and 
manufacturing purposes subject existing rights.’ 
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“The Court interpreted that provision follows: ‘The fair construction 
the provision now under review that Congress intended establish 
the rule that for the future the lands should patented separately; and 
that all non-navigable waters thereon should reserved for the use 
the public under the laws the states and territories named.’ (295 

142, 162) 


“That case, sure, involved contest between private owners. But 
the principle announced was shortly applied the United States 
property owner non-navigable stream. Ickes Fox, 300 
82, the Court held that the Desert Land Act ‘if not before, Congress 
has severed the land and waters constituting the public domain and es- 
tablished the rule that for the future the land should patented 
ately. Acquisition the government title parcel land was not 
carry with water-right; but all non-navigable waters were reserved 
for the use the public under the laws the various arid-land states.’ 
(Id., 95) 


“The Fox case involved water rights farmers under federal irri- 
gation project, the claim being that the United States, owner the irri- 
gation system, owned the water rights. The Court rejected that claim 
and looked state law determine who had the water rights; and find- 
ing that the farmers owned them, the Court held that the United States 
was not indispensable party litigation concerning them. 


“Those cases should control here. The Desert Land Act applies 
‘public lands’; and the Federal Power Act, Stat. 1063, amended, 

U.S.C. Sec. seq., grants the Commission authority issue 
licenses for power development ‘upon any part the public lands and 
reservations the United States,’ Sec. 4(e). The definition those 
terms the Act says nothing about water rights. And, have point- 
out, has been the long-term policy Congress separate western 
land from water rights. 


“The final resort the Commission the Act June 25, 1910, 
Stat. 847, providing: ‘That the President may, any time his dis- 
cretion, temporarily withdraw from settlement, location, sale, entry 
any the public lands the United States including the District 
Alaska and reserve the same for water-power sites, irrigation, classi- 
fication lands, other public purposes specified the orders 
withdrawals, and such withdrawals reservations shall remain 
force until revoked him Act Congress.’ 


“It was under this Act that some the lands here involved were re- 
served for power site. But the Act June 25, 1910, its very 
terms, did more than withdraw these public lands ‘from settlement, 
location, sale entry’. The Act did not purport touch change 
any way the provision the Desert Land Act that pertains water 
rights. the words the 1910 Act are control, water rights re- 
main undisturbed. The lands remained ‘public lands’, save only that 
settlers could not locate them. assume that the United States could 
have recalled its grant jurisdiction over water rights, saving, 
course, all vested rights. But the United States has not expressly done 
and should not construe any law achieving that result unless 
the purpose Congress clear. 


. 
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“The reason that the rule adopted the Court profoundly affects the 
economy many States, ten whom are here protest. the West, 
the United States owns vast amount land, some States, over 
per cent all the land. mere Executive action the federal lands 
may reserved and all the water rights appurtenant them returned 
the United States, vast dislocations the economies the Western 
States may follow: For the right withdrawal public lands granted 
the 1910 Act not only for ‘water-power sites’ but for host 
public projects—‘irrigation, classification lands, other public pur- 
poses.’ Federal officials have long sought that authority. has been 
consistently denied them. should deny again. Certainly the United 
States could not appropriate the water rights defiance Oregon law, 
built the dam. should have greater authority when makes 
grant private power group.” 


The foregoing discussion points the need for clarification the whole 
question appropriate action the Congress enacting law that will 
specific and direct that the Supreme Court can never again find loopholes 
take back what the Congress and the states have considered the rights 
the states. 

The court has said that the Congress has the power these things but 
that has not done so. This much certain: The Congress has made its in- 
tent clear everyone except the United States Department Justice and the 
United States Supreme Court. number bills have been introduced this 
and the preceding Congress spell out more clearly this often expressed in- 
tent. The western states are hopeful that such legislation will enacted dur- 
ing this 85th Congress that the uncertainties the state-federal relations 
concerning western waters will finally cleared up. 
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ABSTRACT 


This paper emphasizes the probable degree magnitude the anticipated 
demand for water the United States. compares the over-all availability 
water the United States with the major domestic, agricultural, and in- 
dustrial demands made upon the supply. ventures predict future demands 
conformity with past and present trends use. not designed 
comprehensive scope, many uses and demands are neglected. de- 
signed evoke wide discussion the implications inherent the apparent 
adverse balance between supply and probable demand, and engender recom- 
mendations for present and future action prevent exhaustion the supply. 


INTRODUCTION 


The availability and use water vital the maintenance present-day 
civilization. The use, and frequently the consumption, water necessary 
the production food and fiber, the generation fuel-electric energy, 
the manufacture industrial products and last, but not least, the mainte- 
nance the domestic environment the 

This paper abruptly invites attention the fact that the available water 
supplies the United States are apparently insufficient support growing 
population, accompanied modest increase the standard living, for 
more than comparatively short period into the future. emphasizes the 
vital importance immediate action accelerate pure and applied research, 
and the design the necessary facilities, directed the accomplishment 
the demineralization sea water efficiently and economically. the view 
the writer this must accomplished the turn the century. This will 
require that sizeable portion domestic, municipal, and industrial uses 
supplied from such source. 


Note: Discussion open until February extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. Paper 1754 
part the copyrighted Journal the Irrigation and Drainage Division, Proceedings 
the American Society Civil Engineers, Vol. 84, No. September, 1958. 
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The paper limited discussion the major uses, named the first 
paragraph, the available water supply. Other uses importance, not dis- 
cussed herein, are evaporation from water surfaces utilization water for 
maintenance stream flow, and the support fish wildlife, transpor- 
tation, dilution poor quality waters and effluents, and hydroelectric energy 
generation. These uses the common water supply must kept mind, 
however, they exert considerable influence the quantity water availa- 
ble for all uses. 

Neither consideration given the re-use water supplies possi- 
bilities the repeated use the same quantity water. Many the uses 
considered are contemporary time and the demands are Ad- 
ditionally, the majority the uses considered occur the valley portions 
stream basins, where opportunities for regulatory storage between consecu- 
tive uses are rarely found. This not decry the existence ground water 
storage nor the possibilities inherent for long-term regulation water sup- 
plies through its proper use. The characteristics ground water storage, 
however, are not such facilitate month-to-month regulatory storage. 

This paper does not evaluate the effect varying monthly flow the 
streams the country, but presumes that sufficient storage, either above 
below the surface the ground, will provided regulate that portion 
the available supply which determined usable, with consideration 
all competing demands. Nor does give consideration the geographical 
availability water various parts the country, since presumes that 
the necessary diversion and transmission water supplies will ac- 
complished the maximum extent practicable. 

additional source water supply which has not been considered 
artificial nucleation. felt the writer that this method generating 
precipitation will principal value the amelioration drought dry- 
farmed areas, but that because the limited availability natural storage 
sites for additional water supplies, cannot considered firm re- 
source. Therefore, believed that weather modification would little 
assistance irrigated agriculture, domestic and industrial uses water. 
certain limited areas, however, where spring and summer stream flow 
largely supplied melting snowpack, current applied research snowpack 
augmentation gives indication favorable results. 


Water Supply 


The national water supply assumed the quantity water currently 
available for development the streams and rivers the country. The 
quantity considered that which remains after the evapo-transpiration re- 
quirements nature have been satisfied from precipitation. Much the 
water evaporated transpired used support the growth food and fiber 
crops over 300 million acres farmland and maintain pasturage al- 
most 800 million acres devoted the production animal products. Large 
quantities are required, addition, provide for the growth natural 
forests and the maintenance nearly million acres water surface 
the lakes and reservoirs the country. is, therefore, assumed that the 
upper limit presently available supply represented the average annual 
runoff the stream system. The quantity runoff shown Table 
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WATER 


The average runoff 1,318,000,000 acre-feet, given Table 
amounts about 8.1 inches depth the total area. Studies the United 
States Weather Bureau indicate that, for the 1921-45 period, the annual pre- 
cipitation amounted about inches depth. Thus, the indicated evapo- 


transpiration use water amounted about 21.8 inches annually. 


Water Use 


Public water supply systems, serving areas containing populations ex- 
cess 25,000 people, provided water supplies amounting 13,174,000 acre- 
feet 79,596,000 persons This equivalent about 148 gallons 
per day per Using this computed daily use, annual quantities 
municipal water use, reported the United States Geological Survey, have 
been expressed terms the population served. Table presents water- 
use data for 1950 and 1955. Saline water used industry, according 
data, not included the quantities water given the table. 

Assuming that the rural daily per capita use, amounting approximately 
gallons, represents personal requirements for domestic uses, appears 
that about gallons per day per capita are used for public and industrial 
purposes areas served municipal systems. Public uses for parks, 
flushing, washing streets, etc., are believed minor component this 

is, therefore, assumed that gallons per day per capita are used 
industrial activities other than fuel-electric energy generation, resulting 
the industrial use, from municipal supplies, 7,900,000 acre-feet 1950 and 
9,700,000 acre-feet 1955. The total industrial use water supply, other 
than for power generation, then estimated 29,600,000 acre-feet 
1950 and 45,500,000 acre-feet 

Water used for irrigation represented application 3.37 feet depth 


the irrigated area 1950, and 3.14 feet depth 1955. This compares 
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Quantity,: Daily Quantity,: Daily 
suse, in: Popu- 
feet per feet per served 
Rural h, 930,000 an 56,100,000 2,800,000 CA 50,3 000 
19,000,000 18 
Industrial, from 
private sources 
Fuel-electric 
power 
generation 43,000,000 000 


with the over-all national average 1.82 feet depth used evapo-transpi- 
ration processes. Since the volume crop growth (and value) is, 
certain point, closely related the quantity water consumed the growth 
process, assumed that similar relationship could obtained com- 
paring crop values from irrigated and dry-farmed areas. Table presents 
available data bearing this relationship. 


TABLE 


CROP VALUES 


THE UNITE 


> 
4 


Value Value :Harvested crop: Value Value 


crops sper acre 


4,164,000 


AVERAGE 


TABLE 

(3) 

. 

$70 $35 
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The irrigated acreage the entire United States (see Table has in- 
creased from 6.6 per cent the total cropped acreage 1939, 7.6 per cent 
1949. However, the proportion small and not believed affect 
greatly the general conclusion, drawn from the data Table that the irri- 
gated acreage will produce twice the value (and volume) the dry-farmed 
acreage. comparison the quantity water available promote crop 
growth, given above, leads similar general conclusion. 


Gross National Product 


The gross national product (GNP) represents the total national output 
goods and services market prices. measures this output terms the 
expenditures which these goods are acquired. The goods and services in- 
cluded GNP are, for the most part, those actually bought for final use. The 
GNP also measures the product attributable the factors production sup- 
plied the population. The GNP thus representative total production 
and the standard living currently enjoyed. 

The gross national product, both total and farm, given Table to- 
gether with per capita values, for the period since 1910. Values given, based 
standard values terms 1947 dollars, are comparable between them- 
selves. appears that the GNP attributable farm production has remained 
fairly stable since 1930. the other hand, the nonfarm GNP, representing 
all other goods and services provided the nation, has increased almost 160 
per cent the 25-year period from 1930 1955. This value integrates the 


effects increases the standard living and the production many goods 


and services unknown, or in the experimental stage, a quarter ofa century 
ago. 


Water essential factor the manufacture many the products 
which, collectively, constitute our material standard living. Therefore, 
believed that there should some relationship between the use water 


:GNP, dollars 
N00's 
per capita 


1920 
171,600 101,119 
23,130 25,015 125,682 


293,600 


dollars 
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and the GNP attributable other sources than relation- 
ship shown Table for years 1950 and 1955, for whicn data in- 
dustrial use water are readily available. appears that the per capita use 
water support production increasing very rapid rate. The per 
capita value the GNP also increasing, altnough lesser rate. 

projection tne trend increase the non-agricultural GNP indicates 
estimated value approximately $3,450 per capita with population 
300,000,000, and $4,500 per capita with population 450,000,000, in- 
crease 194 per cent and 253 per cent over the 1955 per capita value, re- 
spectively. For the purpose this paper, conservatively assumed that 
tne increase use water support the total product will increase approxi- 
mately per cent, value 0.40 acre-feet per capita, with population 
300,000,000 and will continue increase the same rate future in- 
creases population. effect the use water will discussed ina 
succeeding section. 


TABLE 5 


il 

: 
1950 150, 0 5 ok ) 3 


Agricultural Production 


Water used agriculture provides for the growth food and fiber 
products for consumption and for the production feed for livestock. the 
approximately 1,904 million acres comprising the continental United States, 
agricultural operations make use about 1,158 million acres. Croplands 
amount 394 million acres and pasturage and grazing occupy about 764 
million acres. This general relationship nas remained essentially stabilized 
since 1910, generally increased farm productivity naving apparently compen- 
sated for increases population. Inasmuch the production animal 
products essential part the standard living foods and fibers, 
believed that the available cropland will remain essentially the present 
level into the indefinite future. the remaining lands the United States, 
555 million acres are forest and woodland areas, and 191 million acres are 
devoted miscellaneous uses, are otherwise unavailable for agricultural 
operations. 

The harvested cropland the United States, both dry-farmed and irrigat- 
ed, for the period since 1910, shown Table Ina preceding section, 
has been estimated that irrigated acre will, the average, produce twice 
the crop volume the dry-farmed acre. this basis, equivalent 
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harvested acreage has been computed, shown Table consisting dry- 
farmed acreage plus twice the irrigated acreage. 

The equivalent dry-farmed acreage per capita has exhibited consistent 
downward trend from 3.66 acres per capita 1910 2.19 acres 
the same time the farm GNP, terms 1947 dollars, has increased from 
about $47 per acre 1910 about $70 per acre 1955. Inasmuch has 
been indicated that the farm GNP per capita nas apparently stabilized about 
$155, felt that farming industry has, this time, essentially reached 
position agricultural and economic balance. the immediate future, in- 
creases population therefore, accompanied generally equiva- 
lent increases over-all productivity. With stabilized cropland area, this 
will require increases the irrigated acreage. 

Further major reduction the acreage cropped per capita will probably 
occur when the GNP attributable farm production increases per capita 
value. Such increases will create conditions conducive intensification 
efforts improve cropping practices. These efforts will directed toward 
land management, soil conservation, proper use water and fertilizers, and 
similar advanced practices. not contemplated, however, that the cropped 
acreage will expand the expense that devoted production animal 
products. The management the latter acreage will forced, economic 
pressure, improve productivity manner paralleling that the cropped 
felt the requirement continually increased productivity 
is, itself, sufficient challenge without tne added incubus reduction 
available acreage. 

The prediction future trends agricultural water utilization based 
upon assumptions which, turn, result predictions valid only for the indi- 
cated circumstances, The assumptions made herein are: 


(1) The present degree utilization agricultural land per cent 
scale 100. other words, per cent increase present per 
acre volume production can made. 

(2) The present trend improvement productivity cropped acreage 
will continue and will result value 2.0 equivalent acres per 
capita with population 200,000,000. 

(3) The value 2.0 equivalent acres per capita will maintained until 
population 300,000,000 has been reached, after which time will de- 
crease 1.4 acres, representing 100 per cent utilization, with popu- 
lation 450,000,000. 

(4) Harvested cropland will expand include tne total available 394,000,000 
acres population 300,000,000. Other required expansion will 
take place through increases irrigated acreage. 

(5) the present (1955) irrigated acreage, 1,000,000 acres assumed 
exist other than the principal irrigation states. assumed that 
two-thirds the total cropland acreage will ultimately irrigated 
both present irrigation (semi-arid) and dry-farmed (humid) areas. 
further assumed that increases irrigated lands both areas will 
occur parallel manner. 

The annual applied water requirement irrigated land the semi-arid 
regions will 3.25 acre-feet per acre. the humid regions the 
supplemental requirement will 1.25 acre-feet per acre. 


Tables and illustrate tne application the above assumptions. will 
noted that future projections these and succeeding tables are based upon 
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population. The year which this population attained not shown, since 
depends upon the specific projection favored the reader. 


TABLE 


CROPPED ACREAGE THE UNITED STATES 


Trrij cate 


per capita 


91.97 


322.0 


105.71 


122.78 
131.67 


150.70 


180.0 


30.0 
200.0 


250.0 


300.0 


350.0 


Dry-farmed acreage plus twice the acreag 


Industrial Use Water 


has been shown previously that the industrial use water has under- 
gone tremendous percentage increase the period from 1950 1955. 
probable that the increase the standard living, represented the non- 
farm GNP, from about $1,600 about $1,775 (Table per capita, has con- 
tributed the increase the industrial use water. 

assumed that the 1955 use water, general industrial activities, 
amounting about 0.28 acre-feet per capita, will undergo increase 
about per cent 0.40 acre-feet per capita when the population has reached 
300,000,000, and maintain the same rate increase thereafter. This in- 
crease assumed occur conformity with increases the standards 
living, although lesser rate due the necessity for increased productivi- 
per acre-foot water. also assumed that the use electrical energy 


Year acreage, 
1930 19.55 359.0 3.08 
256.0 122.0 500.0 2.0 
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ESTIMATED AGRICULTURAL WATER REQUIREMENTS THE UNITED STATES 


atio 


300.0 125.0 81.0 406.0 101.0 507 
350.0 95.0 119.0 


Total croplands: region 235,000,000 acres 
Humid region 159,000,000 acres 


and water used generating steam energy will, based projection 
present trends, increase the future the extent shown Table The 
estimated general industrial increase water use set forth Table 


Domestic and Municipal Uses Water 


previous section, was estimated that the domestic use water 
individuals averaged gallons per day per capita and that municipal and 
miscellaneous uses, except industrial, averaged gallons per day per capita. 
assumed that domestic and municipal uses, due increased use air 
conditioning, new household appliances, increased use parks and recreation- 
areas, etc., will, the future, increase about per cent over-all 
figure 125 gallons per day per capita with doubled population about 
350,000,000, and remain constant thereafter. Water requirements computed 
accordance with such assumptions are given Table 10. 


SUMMARY 


The foregoing discussion has emphasized the probable degree magnitude 
the anticipated demand for water the United States. Exception may 
readily taken many the assumptions made order predict total re- 
quirements. However, although analyses the various separate uses water 
may challenged, believed that the general indications tremendous 
increases demand over the next few decades are alarming their 
implications. 
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of: total energy 
smillions: hours 


122.8 


TABLE 
hours per acre=-: Int - 
(De j ell 
9G } ? ) ) 1) 
4 
‘ 
Year : LY $ [r a : In mill ns 
Cr 4 
1950 150.7 29.6 
180.¢ 
200.0 ) 
120.( 
350.0 
400.0 
450.0 221.0 


WATER 


assumptions and projections made the course this analysis were, 
believed conservative relation present trends use. Therefore, 
felt that predicted use water, stated herein, can expected occur 
result growth population and increased standards living. this 
connection, estimates prepared others are interest. estimated 
that the requirement for the use water 1980 would amount 392,000,000 
acre-feet annually. The equivalent estimate the writer amounts 
368,000,000 acre-feet. Woodward(6) has estimated the water use 1980 
amount 669,000,000 acre-feet, with population about 275,000,000. His 
estimate agrees closely, terms quantity versus population, with that 
the writer. The writer, however, has used the Census Bureau conserva- 
tive estimate, involving return the pre-war fertility rate 1975, and hence 
does not reach that population until shortly after the year 2000. 

With over per cent the available water supply presently utilized, and 
with the very real prospect doubling the present population the first 
decade the next century, only about years remain establish, and 
large extent implement, the substitution alternative sources water for 
much the existing and future demand. The regulatory storage requirements 
needed make per cent the total national water supply available 
for use are staggering, although that quantity water will apparently re- 
quired solely for use irrigated agriculture before the end the century. 

The total estimated future demands water supply the United States 
are Table 11. The anticipated date which such demand may ex- 
pected, based upon the most conservative the Census Bureau estimates 
population growth, given the last column the table. should pointed 
out, however, that estimates water demand which have been made this 
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paper are related population and not time. The purpose the time scale 


shown Table solely emphasize the immediacy the problems pre- 
sented. 


Very little information available total investment water service fa- 
cilities. That which most readily available(3) pertains irrigation water 
supply investment during the period from 1940 1950. During that period, 
over $800,000,000 rapidly rising cost scale, was expended bring irri- 
gation water about 5,000,000 acres previously unirrigated. that basis, 
the prospective cost providing water supply the year 2000 for about 
160,000,000 acres not now irrigated, but required feed population 
275,000,000, would about billions dollars, times the 1950 
historical capital investment for all irrigation enterprises. Based the 
U.S.B.R. composite price index, the cost would about billion dollars, 
about $310 per unit increase population. 


This does not take future increas- 
construction cost into account. 


The foregoing cost pertains only water supplies for irrigated agri- 
culture. Additionally, there will correspondingly large sums involved 
providing water supplies for domestic, municipal and industrial uses. From 
the financial point view, when contemplating the investment funds such 
amounts over either the next quarter, half, century, the questions source 
funds and ability amortize appear is, therefore, felt 
that the immediate initiation positive action imperative. 


preliminary analysis suggests several courses action which may tend 
counteract offset the adverse water supply situation presented this 
analysis. The following list does not pretent either encyclopedic ex- 
clusive. However, believed that will serve indicate the widespread 


43.0 29.6 172.9 


1955 


165.25 90.7 67.0 


180.0 


83.0 18.8 1965 


200.0 


20.0 100.0 


28.0 145.0 92.0 576.0 1995 


189.0 120.0 2015 


151.0 


56.0 1,126.0 2055 


63.0 329.0 221.0 1,215.0 


TABLE 
ESTIMATED FUTURE WATFR USE THE UNITED STATES 
1950 150.7 88.5 
250.0 311.0 
350.0 577.0 76.8 2035 
400.0 602.0 
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implications, and the basic nature the approach to, national water conser- 
vation policy. 


(1) Continuing and intensified public education water conservation 

(2) Re-use the steam-electric industry (after heat removal) most 
the water required for cooling generating equipment and the production 
steam. 

(3) Redesign some industrial equipment utilize saline waste 
waters. 

(4) Strict economy the use agricultural water and the further develop- 
ment methods accelerating food and fiber production relation 

Reclamation, local storage, and re-use industrial process water. 

Accelerated research the processes demineralization saline 

brackish water. 

(7) Construction and operation sea water conversion plants along the 
coast, and the use demineralized sea water for all domestic and in- 
dustrial purposes all possible lands. 

(8) Establishment nuclear-electric energy generating plants near the sea 
coast, utilizing sea water for operation, and transmission the output 
considerable distances inland, even the sacrifice generated power. 

(9) Integration the economies the United States and Canada, utilizing 
the combined land and water resources for the best interests all. 

(10) Relocation industry the seacoast, reserving the interior for agri- 

culture the maximum extent. This, course, requires that national 
defense industrial dispersion requirements subordinated result 
the establishment world-wide peace, problematical the light 
existing political pressures and ideologies. 


Eventually, spite the possible measures taken conserve and supple- 
ment the available water supply, the burgeoning population the world will, 
the future, present the engineering profession with problems that can 
scarcely imagined today. However, the present-day engineer must assume 
the responsibility for instituting all the conservation measures available 
within the limits our existing technology. This the present challenge 
which facing the engineering profession. 
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LAND DUF GROUND-WATER DEVELOPMENT 


Joseph Poland! 
(Proc. Paper 1774) 


INTRODUCTION 


several areas California intensive development ground water has 
been accompanied marked subsidence the land surface. The areas 
known substantial subsidence believed have been caused chiefly with- 
drawal ground water are the Santa Clara Valley Santa Clara County, the 
Los Banos-Kettleman City, Tulare-Wasco, and Arvin-Maricopa areas the 
San Joaquin Valley, and the Verne area east Los Angeles; and addition, 
special case, the Delta area the confluence the Sacramento and San 
Joaquin Rivers. The location these areas shown Figure Subsidence 
has occurred many other areas ground-water development California, 
but general has not been sufficient magnitude such nature have 
created noticeable problems date. the areas known substantial sub- 
sidence, the subsidence has created problems, primarily related 
and maintenance engineering structures, but also problems ground- 
water withdrawal and land use. 

This paper presents brief description the subsidence the six areas, 
outlines the principal problems that have developed, describes what being 
done the present time determine the causes, and suggests additional 
work needed basis for making plans alleviate minimize the various 
problems caused land subsidence. 

The subsidence greatest vertical magnitude California the one 
the Wilmington oil field. That subsidence mentioned only briefly this 
paper because caused chiefly decline pressure the oil zones due 


removal oil and gas rather than ground water. 


Note: Discussion open until February 1, 1959. To extend the closing date one month, a 
written request must filed with the Executive Secretary, ASCE. Paper 1774 
part the copyrighted Journal the Irrigation and Drainage Division, Proceedings 
the American Society Civil Engineers, Vol. 84, No. September, 1958. 

Presented the October, 1957 ASCF Convention New York City, 
Publication authorized the Director, Geological Survey. 

Research geologist, U.S. Geological Survey, Sacramento, Calif., and Chm, 
Inter-Agency Committee Land Subsidence the San Joaquin Valley. 


1774-1 


= 
be 4 
Pia 
j 
cag 
| 
Tae 
ay! 
n 
< 
. as 
> 
=a 


1774-2 


September, 1958 


\ © } | 
San 
~€ 
\ 
San 
San 
Valley 
Fresno 
Los Banos- Area 
\ \ 
Kettleman City 
Area 
Area 
° 
'd 
Ni 


FIGURE 

AREAS LAND SUBSIDENCE CALIFORNIA 
BELIEVED BEEN CAUSED CHIEFLY 
WITHDRAWAL GROUND WATER 


I~ 
\ 
d — 
| 
a 
7 
j 
q 


ASCF LAND SUBSIDENCE 


Areas Land Subsidence 


Santa Clara Valley 


The area land-surface subsidence the Santa Clara Valley extends from 
Redwood City southeast about miles and beyond San Jose and affects 
area about 200 square miles, which also area intensive ground- 
water development. The subsidence began about 1918 and had reached 8.4 
feet bench mark San Jose August 1956. The average annual rate 
subsidence bench mark from 1948 1956 was 0.33 foot per year. 
The subsidence has occurred almost wholly within the area confined water 
and has not been appreciable areas unconfined water, which are underlain 
chiefly sand and gravel. Comparison time plots subsidence and water- 
level fluctuation wells shows that the rate sinking has corresponded 
general with the rate decline artesian head and that subsidence virtually 
ceased 1937, during marked recovery water level commencing 1935, 
and began once more the forties during period accelerated decline 
head. Furthermore, water-well casings the San Jose area are known 
have protruded several feet above the land surface during the course the 
subsidence, proving that compaction was occurring within the depth penetrated 
the Thus, available evidence indicates that decline artesian 
head the confined aquifers due intensive withdrawal ground water 
the principal cause land subsidence the Santa Clara Valley. 


Los Banos-Kettleman Area 


The Los Banos-Kettleman City area the west-central part the San 
Joaquin Valley, chiefly Fresno County, and area intensive ground- 
water development. The fresh-water-bearing deposits include upper unit 
clay, silt, and sand, 400 800 feet thick; middle unit impervious 
diatomaceous clay, 120 feet thick; and lower unit clay, silt, and sand, 
commonly 600 1,500 feet thick but locally much 2,500 feet thick. 

The water table the upper unit 300 feet below the land surface 
and has not changed greatly from its initial position. The water the lower 
unit confined most the area the diatomaceous clay. Most the 
ground-water development has occurred since 1940. The heavy pumping draft 
from the lower unit (probably percent the current total pumpage more 
than million acre-feet annually this part the San Joaquin Valley) has 
drawn down the artesian head much 300 feet. 

Subsidence the land surface the Los Banos-Kettleman City area, which 
was noted early 1955 had reached feet west Mendota 
and feet north Huron, where the maximum rate subsidence 1955 was 
about 1.3 feet year. 

general the distribution, magnitude, and rate subsidence appear 
coincide roughly with the amount and rate decline the artesian head 
the confined water. However, subsidence soil and near-surface material 
(to depths that exceed 100 feet) has occurred locally two areas miles 
wide and aggregating miles length along the west edge the valley, 
since the first application irrigation water the land surface. These facts 
suggest that two principal causes the land subsidence are decline 
artesian head due heavy withdrawals ground water and near-surface 
compaction due application irrigation water. There may others. 
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Tulare-Wasco area 


The Tulare-Wasco area the southeastern part the San Joaquin Valley, 
Tulare and Kern Counties, area intensive ground-water develop- 
ment. the western part this area, water confined depth several 
hundred feet below the land surface diatomaceous clay that extends about 
mile east Earlimart and Delano. Other confining beds occur the east. 
Water levels the area have declined greatly since 1905. The decline 
head confined aquifers has been much 125 feet near Delano and 230 
feet near Richgrove, chiefly since 1921. 

Land subsidence the Tulare-Wasco area was not much more than foot 
1931 but 1954 had reached 10.2 feet bench mark 88, about miles 
north Delano.(2) map prepared the Bureau Reclamation from 
comparison Geological Survey topographic maps made 1926 and 1953-54 
shows maximum subsidence feet mile east Highway and miles 
north Delano.(3) About 450 square miles land subsided more than foot 
the years 1948-54. 

Comparison change artesian head confined aquifers and subsidence 
the land surface shows fair correlation, suggesting that decline inartesian 
head has been major cause subsidence. There may other causes, 
however. 


Arvin-Maricopa Area 


Ground-water development the Arvin-Maricopa area has been intensive, 
much occurring the past years. Leveling control this area 
poor, but vertical displacements are known have occurred, due part 
tectonic movements along the White Wolf fault. Whitten (4) shows that earth 
movements the Arvin-Wheeler Ridge area along U.S. Highway have 
produced subsidence least 1.5 feet between Bakersfield and the White 
Wolf fault and uplift feet more south the White Wolf fault. The sub- 
sidence north the fault probably related least part ground-water 
withdrawal and decline artesian head. basic level network was established 
the Arvin-Maricopa area early 1957. 


Verne Area 


Land subsidence the Verne area miles east Los Angeles was 
first noted 1931 Alva Smith, city engineer Verne. Subsidence 
along 2.5-mile length the distribution system the Colorado River 
aqueduct the Verne area has been observed since 1933.(5,6) Maximum 
recorded subsidence from 1933 1950 was 1.8 feet. Subsidence other 
bench marks between 1923 and 1931 was much foot, the maximum 
subsidence the area must have been least feet. 

Development ground water the Verne area has been intensive for 
many years; wells are much 1,000 feet deep and tap confined water 
part. Water levels wells declined 100 feet more the twenties and 
early thirties. The subsidence has been attributed decline water level, 
although detailed study has been made. 
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Sacramento-San Joaquin Delta 


The peat lands the delta the confluence the Sacramento and San 
Joaquin Rivers underlie least quarter million acres. Subsidence 
the peat lands has been studied since 1922. Drainage the peat 
lands for cultivation began 1850, but least one the islands was not re- 
claimed until 1921 (Mildred Island). The peat ranges thickness from 
featheredge more than feet locally, but the central area between 
and feet thick.(8) 

Weir assumes that the delta islands were mean sea level prior 
reclamation. The land surface most the islands south Isleton and 
north Stockton was more than feet below sea level 1953, (9) the 
topographic maps the Geological Survey based field surveys 1952 
show that only area about square mile the eastern part Sherman 
Island was the land surface more than feet below sea level. This suggests 
that the average subsidence from the time drainage began 1952 was 
feet. 

Leveling Weir shows that subsidence Mildred Island was 9.29 feet 
from 1922 1955, reasonably uniform rate averaging 0.28 foot per year. 
Why subsidence islands that were reclaimed 1900 not almost 
twice great not known. 

Weir concluded that the causes subsidence were follows: Oxidation 
(believed the major cause), compaction tillage machinery, shrinkage 
drying, burning, and wind erosion. 

intensive study the subsidence peat beds the Florida Ever- 
glades, Stephens and Johnson(10) concluded that the principal cause the 
slow oxidation due action aerobic bacteria above the water table, and 
hence that the rate subsidence can kept minimum maintaining 
the water table the maximum elevation permissible for crop growth. 
Doubtless the oxidation the delta peats from the same cause. Hence, the 
primary cause subsidence the delta the withdrawal ground water 
drains constructed lower the water table. 


Problems Caused the Subsidences 


The principal problems caused the subsidences described briefly 
this paper can divided into problems related (1) engineering structures, 
including maintenance repair presently existing structures, and planning, 
construction, and maintenance proposed structures; (2) continued ground- 
water withdrawal expanded development, and (3) land use. They are de- 
scribed briefly following paragraphs, part summarized from report 
the Inter-Agency Committee Land Subsidence the San Joaquin Valley.(3) 


Problems Related Engineering Structures 


irrigated areas where subsidence has occurred, several are traversed 
costly existing canals conduits large capacity and low gradient, and 
additional trunkline canals and distribution systems are proposed. The Bureau 
Reclamation has spent approximately $100,000,000 construction the 
270 miles the Delta-Mendota and Friant-Kern Canals the San Joaquin 
Valley. Sections both these canals traverse areas subsidence. Neither 
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canal operated design capacity the areas subsidence the present 
time, that the effects are not serious yet they might have been, and 
extensive repairs have become necessary only along about miles the 
Delta-Mendota Canal. The land along this reach canal subsided much 
3.5 feet between 1946 and 1955, and plans are being made for substantial 
repairs. Should subsidence continue for many years, problems and costs 
involved remedial measures would increase rapidly. 

The California Department Water Resources estimates the cost the 
proposed Feather River Canal, traversing the west side the San Joaquin 
Valley from the delta area the Tehachapi Mountains, about 200,000,000. 
This canal would pass through areas pronounced subsidence for least 
quarter its length. Provisions for land-surface subsidence will increase 
the cost construction these areas substantially. 

The proposed San Luis Canal the Bureau Reclamation estimated 
cost $70,000,000. allowance $1,500,000 has been made for increased 
earthwork required the San Luis Canal allow for subsidence. 

The Metropolitan Water District southern California has encountered 
problems related land-surface subsidence along the Colorado River 
aqueduct and its distribution system. 

all these large trunkline canals conduits, planning for remedial 
measures for new construction made very difficult because lack 
knowledge concerning location and magnitude future subsidence. The 
gradient these proposed major canals about 0.3 foot per mile. Thus, 
reasonably accurate estimates the amount future change elevation 
the land surface are paramount importance planning construction and 
maintenance such major structures. 

addition the problems created land subsidence construction and 
maintenance large main canals, subsidence has created and will continue 
create problems design, construction, and maintenance water- 
distribution systems. For example, the proposed San Luis service area 
the Bureau Reclamation within the Los Banos-Kettleman City subsidence 
area, distribution systems utilizing buried concrete pipe and estimated 
cost approximately $130,000,000 have been proposed. the subsidence 
continues its present rates could cause leaks and, ultimately, breaks 
the pipes which, addition maintenance and repair costs, could cause 
crop losses result inability deliver water critical times. 

Land subsidence creates serious problems many other types 
engineering structures, such drainage and sewage systems, flood-control 
channels and levees, roads and bridges, power installations, pipelines, and 
buildings, and the surveying and mapping programs needed the planning 
these structures. 

For example, the Santa Clara Valley, levees around the southern part 
San Francisco Bay have had constructed and raised attempt 
keep Bay water from inundating the land and flooding highways and buildings 
area rapid industrial development and these levees themselves 
create flood-control problems. that same area, the flattening stream 
grades due the bowl-shaped subsidence and the consequent partial filling 
the channels with sediment are decreasing the flood-carrying capacity 
the channels and bridge structures. Such problems are being considered 
designing future highways well flood-control systems. 

Subsidence the lower Kings River area may considerably reduce the 
hydraulic capacity stability flood channels that area and may 


. 


ASCE LAND SUBSIDENCE 1774-7 


materially affect the operation the Pine Flat Reservoir and existing 
water-control structures along the lower Kings River. Subsidence along the 
San Joaquin River and the Sacramento-San Joaquin Delta may affect 
materially several other flood-control and navigation projects the Corps 
Engineers that are either operation the planning stage. 

Problems that have developed date power installations, pipelines, and 
buildings have been related chiefly compaction soils and near-surface 
materials after the application water certain areas low rainfall. This 
type subsidence usually accompanied large differentials settlement 
over areas. For example, subsidence this type the Los Banos- 
Kettleman City area has damaged transmission lines the Pacific Gas and 
Electric Co. Work tentatively estimated cost $200,000 contemplated for 
repair towers three transmission lines. Also, subsidence this area 
has affected the Stanpac gas main for distance about miles north 
Panoche Junction, and pipelines the Standard Oil Co. and Shell Oil Co. 
the same area also have required repairs. 

Subsidence this type understood have caused damages the 
magnitude several hundred thousand dollars military installations the 
western United States during and since World War II. For example, 
Gardner Air Field the Arvin-Maricopa area, the Corps Engineers spent 
many thousands dollars restore and protect utilities and buildings from 
subsidence amounting several feet. The contrary problem caused clay 
that expands when wetted has caused serious problems maintenance the 
Friant-Kern Canal. 

Surveying and mapping costs have been increased greatly problems 
land subsidence. The Federal construction agencies, the State Department 
Public Works, the State Division Highways, other State planning and con- 
struction agencies, counties, municipalities, irrigation districts, pipeline 
companies, and many other construction agencies, both public and private, 
depend accurate local vertical control. The cost the basic vertical 
control the U.S. Coast and Geodetic Survey, the leveling and mapping 
programs other Federal agencies, State, County, and municipal 
agencies, and other public and private agencies increased substantially 
areas land-surface subsidence. 

The land subsidence that has caused the greatest damage date repair 
and maintenance drainage and sewage systems, roads and bridges, flood- 
control systems, power installations, pipelines, dock facilities, buildings, and 
oil wells the subsidence the harbor area Los Angeles and Long 
Beach. That subsidence not discussed this paper because has resulted 
chiefly from the decline pressure the oil zones due the development 
the Wilmington oil field. Cost accomplished and planned remedial 
measures necessitated the subsidence that area about $100,000,000. 


Problems Related Continued Ground-Water 


Withdrawal Development 


Deformation and failure water-well casings and the resulting loss 
wells are common occurrence the Los Banos-Kettleman City area and 
represent large financial cost the owners. According local com- 
mittee established study the problem, 258 wells failed during the period 
1950. Wells generally fail within years after completion, and many 
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have failed after only years operation. There are about 1,000 irri- 
gation wells the area present, and their average depth about 1,500 
feet. Replacement 100 wells each year would cost least $1,500,000 per 
year. Although corrosion probably important factor the well failures, 
the deformation and rupture casings testimony that land subsidence re- 
sulting from compaction the water-bearing and associated beds 
principal cause. Full knowledge the depths which the compaction 
sediments occurring might lead redesign wells and substantial length- 
ening well life. 

Collapse well casings has occurred also the Tulare-Wasco, Arvin- 
Maricopa, and Verne areas. 

Land subsidence has caused protrusion well casings much feet 
above the land surface the Santa Clara Valley, and protrusion well 
casings lesser extent has been noted the Los Banos-Kettleman City, 
Tulare-Wasco, and Verne areas. the Santa Clara Valley, least, this 
protrusion has raised pumping equipment and has required removal 
equipment and cutting off casings. 

The California Water Plan calls for extensive use ground-water res- 
ervoirs for cyclic storage future Such cyclic storage probably 
would cause periodic rise and decline water levels 100 feet more 
the ground-water basins Although water would introduced 
chiefly areas unconfined water, the artesian head hydraulically con- 
nected confined aquifers also would fluctuate substantially. possible that 
some areas such fluctuations induced cyclic storage and withdrawal 
would cause subsidence during periods decline artesian head and might 
cause lesser recovery the land surface during periods storage and 
rise head. This problem should investigated prior any extensive 
practice cyclic-storage operations. 

Additicnal problems considered are the effect subsidence 
water storage capacity and safe yield ground-water basins. Subsidence 
caused compaction the water-bearing system causes reduction pore 
space both the aquifers and the finer grained associated deposits. Re- 
duction pore space the Santa Clara Valley due subsidence has been 
estimated the order 230,000 acre-feet for the period 1919-37,(1) 
The volume land subsidence the northern part the Los Banos- 
Kettleman City area (north the Merced County line) from 1943 
1953 has been estimated the order 1,000,000 acre-feet; pumpage 
ground water that same 10-year period was about 2,000,000 acre-feet. 
Most the million acre-feet subsidence presumably was accomplished 
reduction pore space aquifers the lower water-bearing zone and 
associated fine-grained deposits. Water yielded result compaction 
available only once (neglecting possible later expansion) and thus should 
considered evaluating safe yield, was the study the State 
Division Water Resources the Santa Clara 


Land-Use Problems 


The subsidence regional extent caused decrease artesian head 
ordinarily does not cause serious problems land use. However, the com- 
paction soils and near-surface deposits caused applying water 
certain lands the Los Banos-Kettleman City and Arvin-Maricopa areas and 
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probably elsewhere creates problems land leveling and maintenance 
irrigation facilities. Such problems have led locally the use sprinkler 
irrigation, sometimes after substantial financial expenditures had been made 
land leveling and repair irrigation systems. 


Solution the Problems 


Detailed knowledge concerning the extent, magnitude, rates, and causes 
land-surface subsidence essential proper planning for repair and 
maintenance structures already affected and for construction and 
maintenance structures built the future, well for continued 
ground-water withdrawal and development and for most economical land use. 
This detailed knowledge can obtained only adequate investigation the 
areas which subsidence has occurred date, determining the causes, 
considering methods for minimizing the problems caused 
subsidence, and adequate appraisal other parts the State ascertain 
what additional areas may susceptible land subsidénce the future. 

Such investigations should directed toward the following specific 
objectives, outlined the Inter-Agency Committee Land Subsidence 
the San Joaquin Valley:(3) 


establish and maintain vertical control information the land surface 
adequate satisfy engineering and mapping needs and needs the investi- 
gational program, and measure the extent, rate, and magnitude sub- 
sidence. 

determine causes the subsidence and the relative magnitude attribut- 
able different causes; also, the depth ranges within which subsidence 
occurring. 

estimate the rates and amounts subsidence that would occur the 
future under assumed 

determine any part the subsidence reversible and, so, 
estimate the rate and amount possible recovery. 

suggest any methods that might used decrease alleviate 
subsidence, forestall some the more serious damages resulting 
from subsidence. 


Investigations now being made 


The subsidences the San Joaquin Valley have created such serious 
problems connection with water-transportation and -distribution systems 
that early 1955 Inter-Agency Committee interested Federal, State, 
university, and local agencies was formed for the purpose formulating and 
carrying out program investigation the San Joaquin Valley with the 
objectives cited above. The proposed program was outlined duplicated 
The estimated cost the program for investigating subsidence 
the Los Banos-Kettleman City and Tulare-Wasco areas outlined for 
year period investigation about $460,000 supply general engineering 
and mapping needs, and about $500,000 for work related almost wholly 
subsidence investigation needs. Intensive investigation some phases the 
work for the Los Banos-Kettleman City area was begun 1955 and all 
phases 1956. report covering the subsidence the Los Banos-Kettleman 
City area scheduled for completion 1960, and considerable study the 
other two areas the San Joaquin Valley also will accomplished that 
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time. Progress reports certain phases the work are scheduled 
earlier date. 

The land subsidence the Santa Clara Valley being investigated the 
U.S. Coast and Geodetic Survey and the Geological Survey, working co- 
operation. level network determine the extent and magnitude settle- 
ment the San Jose area was laid out 1933, and has been releveled 
times, the latest 1954. The Coast and Geodetic Survey recently published 
tabulation bench-mark elevations for the levelings through 1954. The 
Geological Survey preparing progress report the present time which 
will include maps and profiles subsidence and plots subsidence in- 
dividual bench marks compared fluctuation artesian head. 

The land subsidence the Verne area known chiefly from repeated 
leveling the Metropolitan Water District along aqueduct feeder line. 

far known the writer, level network define the extent and 
magnitude that subsidence has yet been established. 

the Sacramento-San Joaquin Delta, some additional information has 
been obtained supplement the local study The State has made 
borings determine the thickness the peat beds and the nature the 
underlying Vertical control the Delta area was expanded the 
summer 1957. 


Additional Work Needed 


The program the Inter-Agency Committee Land Subsidence the 
San Joaquin Valley should receive the support and assistance all agencies, 
public and private, that are interested affected the problems land 
subsidence there. The activities all agencies should integrated and 
coordinated that maximum effort can directed toward the completion 
this program and the solution this problem for the San Joaquin Valley. 

Findings the investigations the San Joaquin Valley should great 
assistance the solution subsidence problems elsewhere, but physical 
conditions other areas subsidence may different several aspects 
from conditions the San Joaquin Valley. Therefore, all areas California 
which appreciable subsidence has occurred develops the future 
should studied determine the causes and seek the best remedial 
measures. The first necessity such study, and fundamental require- 
ment for general engineering needs well, the establishment and 
maintenance adequate vertical control. The adequacy the vertical- 
control net the Coast and Geodetic Survey California should appraised, 
not only with respect areas known subsidence but also for potential 
subsidence. 

Second, for each area land subsidence, bench-mark elevations obtained 
date the Coast and Geodetic Survey and other agencies (from level 
lines run with adequate control, both accuracy leveling and ties 
stable land) should correlated and tabulated chronologic order one 
series that reliable and consistent records elevation and change 
elevation will available one publication. 

Third, adequate programs water-level measurement and inventory 
ground-water draft should established. These will require sufficient 
study the geology and hydrology insure that the measurements will 
furnish adequate data fluctuations artesian pressure confined 
aquifers well the water table. 


ay 
+ 
4 


ASCE LAND SUBSIDENCE 1774-11 


Fourth, bench marks should established selected depth intervals 
wells span the water-bearing section tapped wells, for the purpose 
determining whether not compaction the geologic section occurring, 
and so, how much and what depth intervals. 

Only after these basic controls are established and records collected for 

least years can the remainder the investigation made with 
efficiency and economy. 
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IRRIGATION AND DRAINAGE DIVISION 
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THE ENGINEER AND WORLDWIDE CONSERVATION 
SOIL AND WATER 


Orson Israelsen,! ASCE 
(Proc. Paper 1775) 


SYNOPSIS 


The role the engineer worldwide soil and water conservation neces 
sary meet increasing food requirements emphasized. 

brief review progress construction drainage systems and irriga- 
tion projects presented. Some the large surface reservoirs are listed, 
the volumes surface-reservoir water stored for irrigation are reported; 
and the needs for more use groundwater reservoirs suggested. The 
necessities for efficient conveyance water world canals more than 
million miles length are stressed. The relationships efficient applica- 
tion water the farms, the estimated million irrigations per year, 
worldwide soil and water conservation are outlined. 


INTRODUCTION 


preparing this paper, the author had mind four major objectives: 


emphasize the fact that soil and water conservation positively 
essential world progress, prosperity, and peace. 


clarify the fact that great progress has been made toward soil 

and water conservation the construction large dams, reservoirs, 
diversion structures, canals, and pumping plants for lifting surface 
and ground waters. 


to 


Note: Discussion open until February 1959. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE, Paper 1775 
part the copyrighted Journal the Irrigation and Drainage Division, Proceedings 
the American Society Civil Engineers, Vol. 84, No. September, 1958. 
Prof. Emeritus, Civ. and Irrig. Eng., Utah State Univ., Logan, Utah. 
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show that greater attention the engineer the prevention 
soil water logging, salinity and alkali, improving and lining canals 
and reservoirs reduce seepage losses very important prog- 
ress. 


stress the fact that the many arid-region countries the 
world, more attention adequate land drainage, and efficiencies 
the application irrigation water very essential, that arid 
regions irrigation and drainage are inseparable, and that both need 


the joint attention the engineer provide and perpetuate the soil 


and water conservation that are basically essential world progress. 


The hundred million people the world today have many urgent 
needs, the first importance being adequate supplies food which can 
produced only efficient soil and water conservation all countries. 

addition its use for food production, water essential our world- 
wide welfare many ways. Soil and water conservation are, therefore, vital 
necessities for the millions who live today and will even more essential 
for greater number people the days ahead. 

The importance water conservation and irrigation all people well 


Irrigation many countries old art—as old civilization—but for 
the whole world modern science—the science survival. 


Soil conservation has many aspects. Director Engi- 
neering for the U.S. Soil Conservation Service, recently stated that: 


Soil conservation has come mean proper land use, protecting land 
against all forms soil deterioration, rebuilding eroded and depleted 
soil, improving grasslands, woodlands, and wildlife lands, conserving 
water for farm and ranch use, proper control and use water provide 
for drainage, irrigation and flood prevention, building soil fertility and 
increasing yields, and farm and ranch income. 


major element soil conservation the control soil erosion. 
Authorities estimate that soil erosion the U.S.A. has prevented further 
cultivation about 100 million acres and seriously affected crop and grazing 
land nearly 300 million acres. 

Also, soil erosion has moderately affected nearly 800 million acres. The 
author emphasizes the needs for and the activities control soil erosion 
important phase worldwide soil conservation, even though this 
article, major attention given only essential advances arid-region land 
drainage and irrigation efficiencies and requirements for soil and water con- 
servation. 

Successful soil and water conservation intimately related conserva- 
tion all resources. The principles and practices that must applied 
conservation natural resources democracy are outlined Allen.(1) 
These apply well soil and water conservation many lands. 

Recognition world leaders the importance soil and water conserva- 
tion work exemplified the statement President Eisenhower, made 
shortly after his election: 


*Numerals refer author references, capital letters agency references. 
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need give increased attention the improvement and reclamation 
land its broadest aspects, including, soil productivity, irrigation, 
drainage, and the replenishing ground water reserve are adequately 
feed and clothe our people continue improve our standard living. 

Conserving and improving our land and water resources high-priority 
business for all us. 


More food from worldwide soil and water conservation will assure millions 
people greater happiness, contentment, freedom, and progress. 

The Civil Engineer has, for decades, been deeply interested world wel- 
fare. His interests have been demonstrated large number countries. 
The American Society Civil Engineers very much interested world 
progress and welfare, and recognizes fully that the engineer has great 
responsibilities many phases world advancement and particularly 
soil and water conservation. Our Society has great number members 
countries outside the U.S.A. Although its membership (nearly 50,000) 
largely North America, has members Mexico, more than 1,000 
members South America, and more than 1,100 members Europe and Asia. 
The Society thus powerful position contribute greatly worldwide 
efforts soil and water conservation dissemination information and 
assisting worldwide co-ordination effort. 

The engineer recognizes the important fact that worldwide conservation 
soil and water requires the understanding and cooperative efforts and team- 
work men working legislatures, public administrative offices, the courts 
and judicial agencies, industrial activities, and the farms. The conserva- 
tion task monumental one. Cooperative efforts toward conservation 
soil and water lawyers, judges, economists, agronomists, agriculturists, 
and all others interested worldwide welfare and progress well engi- 
neers, vital importance. This cooperative effort was emphasized re- 
cently Banks(2) who outlined four aspects teamwork necessary soil 
and water conservation: 


Teamwork the uses water; 


Teamwork among the many agencies who plan, construct, and operate 


water development projects; 


Teamwork among the professional and scientific fields adding the 
store knowledge concerning the nature, occurrence, control and 
utilization water; and finally, 


Teamwork between the professional and technical people who deal with 
water the one hand and the general public the other hand, solving 
these problems. 


The engineering problems involved soil and water conservation stated 
Frevert, Schwab, Edminster, and Barnes,(4) may divided into the five 
following phases: erosion control, drainage, irrigation, flood control, and 
land clearing. this paper the author has concentrated attention only two 
the five phases; that is, drainage and irrigation. The activities the engi- 
neer land drainage both humid and arid-climate countries and irriga- 
tion arid climates are important aspects his role soil and water con- 
servation. Europe, Asia, and U.S.A. have made great progress since the 
engineer began active work land drainage. There are millions acres 
drained land the world today. the U.S.A. the engineer has planned 
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drainage facilities and directed the construction drains for more than 100 
million acres. The facilities, the progress, and the problems soil and 
water conservation means drainage and irrigation are the concern 
the engineer all countries. 


Land Drainage for Soil Conservation 


Land Drainage Needs Widely Recognized 


Land drainage recognized important many countries Europe. 
England, Wales, Italy, Greece, and Turkey along with other countries have 
made real progress the drainage farm soils. Almost 4-1/2 million 
acres, 1/7 the cultivated land area, and Wales are dependent 
drainage. 

The Netherlands have made extraordinary progress developing land 
drainage facilities. The country has drained some land that was above the 
level the sea, and also provided drainage and facilities for 
large areas land that were previously submerged with salty sea water. 
While drainage has been practiced extensively reclaim lands humid re- 
gions, during the past century, many thousands acres irrigated lands 
India, Pakistan, Iran, Iraq, and neighboring countries have become water 
logged and nonproductive because lack adequate drainage. The engineer 
recognizes the urgent need for drainage and is, therefore, making plans for 
the drainage large areas arid-region lands many countries with the 
assistance the International Cooperative Administration (ICA) and others 


interested promoting the advancement human welfare throughout the 
world. 


Arid-Region Land Drainage Objectives 
Some the major objectives land drainage arid regions are to: 


Keep the water table depth under complete control and deep enough 
prevent upward flow and evaporation soil water with resulting con- 
centration soluble salts the root-zone soils. 


Maintain downward flow water saline and alkali soils. 


Prevent the accumulation excess soluble salts the soil root zone 
and the surface irrigated lands. 


Obtain general and worldwide recognition the fact that land drainage 
essential the permanence arid-region agriculture, and that the 
many benefits drainage are greatly exceeding the costs. 

Drainage Procedures Obtain the Objectives 


Some the procedures and practices that are essential attain the drain- 
age objectives are: 


Reduce, wherever possible, the salt content irrigation water. 


Increase the permeability soils which the resistance water flow 
high and extend the practices measuring the flow water soils. 


Design and construct drainage systems that are especially adapted 
the physical conditions each area that needs drainage. 


— 


1775-5 


Design and locate drainage pumping plants get maximum water yield 
per foot drawdown. 


Improve irrigation methods, measure irrigation water, and increase 
irrigation efficiencies. 


Progress and Cooperation Drainage 


The engineer has contributed greatly educational progress land drain- 
age. recognizes, however, the urgency the need for adequate coopera- 
tion land drainage with the agronomist, the economist, the chemist, and the 
soil physicist—all whom have contributed the solution drainage prob- 
lems. 

The fact that the engineer many countries deeply concerned with the 
educational progress land drainage was demonstrated work 
Dorothy Graff, Librarian for the U.S.D.A., Bureau Agricultural Engi- 
neering, assembling during 1936 list about 2,000 references 
drainage publications written 1,160 authors from countries. 

recent and very important contribution the literature land drainage 
the book entitled: “Drainage Agricultural Lands,” prepared con- 
tributors, edited James Luthin, and published the American Society 
Agronomy. This book contains 733 references Land Drainage. 

The development modern machinery for the digging trenches and 
placing tile drains has contributed greatly progress land drainage 

Power excavating equipment now recognized real value 
drainage progress. The trenchers and also the dragline excavators, back 
hoes, and similar machines now very much used the U.S.A. and Europe, 
are greatly needed for drainage progress the Mid-East countries. 

The Imperial Irrigation District California has constructed 557 miles 
main drainage channels from feet depth with modern power ex- 
cavating equipment. 

Shallow open drains constructed hand labor, like the drain shown 
Fig. are usually inadequate and construction deep open drains hand 
labor rather expensive. 

Continued progress drainage and land reclamation and soil and water 
conservation will depend worldwide use modern machinery and methods. 
The author believes fully that man can develop permanent irrigation agricul- 
ture recently stated Maierhofer(11); “The engineer must develop and 
clarify methods drainage and reclamation make irrigation agriculture 
permanent.” 


Benefits from Drainage 


Economic Benefits Good Drainage Systems 
Good drainage systems provide economic benefits by: 


Increasing the productive land areas the farm without extending its 
boundaries bringing under cultivation pond areas and marshy spots, 
the beds which usually have great agricultural potential. 

Improving the quality and increasing the yield crops. 


Providing greater uniformity fields, thus making the farm more easily 
worked removing the mud holes and wet spots. 
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Figure Open Drain Iran Constructed Largely Hand Labor 


Preserving fertilizers. 
Reducing floods and consequent loss crops. 
Decreasing the danger drought by: 


Reducing evaporation from the soil surfaces and improving the soil 
structure. 


Providing larger volumes available soil water for the plant roots 
developing deeper root-zone soils. 


Improving the chemical condition the soil by: 
Removing excess alkalies and acids. 


Aiding nitrification and decay organic matter. 


i 
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Social and Community Benefits Drainage 
Drainage systems provide social and community benefits by: 


Improving sanitary conditions, thus making rural life more pleasant 
the removal stagnant swamps and the provision outlets for 
wastes. 


Making the appearance the farm better with the results increasing 
the market value, and stimulating the pride and interest the farmer 
his work. 


Facilitating the construction and maintenance good and permanent 
rural highways, which bring many benefits. 


Providing insect control; improving the health the people; and im- 
proving health conditions for cattle, horses, sheep, and poultry. 


Improved Health—A Major Benefit 


The World Health Organization (WHO) has made important contributions 
toward progress soil and water conservation the encouragement ade- 
quate drainage improve health conditions. has also encouraged the engi- 
neer design irrigation systems, canals, waterways, flumes and pipes 
convey water efficiently and avoid ponding which permits growth snails, 
mosquitos, and other “natural” enemies. Successful world progress both 
drainage and irrigation being greatly assisted WHO. 

Mickey,(12) states the primary fact that soil under man’s feet the 
source his physical being and thus soil conservation nothing more nor 
less than conservation human life, wherever lived, the city well 
the country. 


Arid-Region Drainage Essentials 


The engineer and the owners and operators irrigated farms arid- 
region countries, and all farm advisors should know what they can and must 
irrigation and drainage perpetuate soil and water conservation. One- 
hundred years experience irrigation the Western States the U.S.A., 
and the widespread waterlogging irrigated lands throughout the world due 
lack adequate drainage are ample bases for the conclusions that: 


Irrigation and drainage cannot divorced arid regions they must 
considered inseparable. The recognition and application this 
basic truth essential the continued productivity the irrigated 
lands the world. 


Careless and inefficient irrigation lands extremely expensive 
the irrigators, and the owners lower lands and drainage systems 
and must prevented. 


Drainage alone not enough reclaim and make productive water 
logged, saline, and alkali lands improved irrigation practices and 
modern soil management methods are indispensable and must 
developed. 


Adequate maintenance drains must recognized being great 
importance. 
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Drainage, like irrigation, vital public importance and must 
recognized indispensible arid regions. All the people are in- 
fluenced the improved health and better highways, and the soil 
and water conservation that result from adequate land drainage. 


Irrigation and Water Conservation 


Centuries have passed since irrigation was first developed the farmer, 
but during recent decades the engineer has made great contributions the 
development modern irrigation projects the world. Irrigation water 
now provided each year for more than 300 million acres. The design and 
construction large dams, reservoirs, diversion weirs, canals, spillways, 
silt-control works, and related facilities constitute the major role the engi- 
neer toward progress the use water resources. 

the U.S.A., irrigation water provided for more than million acres, 
about 3/5 the potential irrigated area million acres. 


Water Storage Facilities 


Very substantial world progress has been made toward water conservation 
the use water storage facilities.(7) These include both surface 
voirs for irrigation and flood control and ground water reservoirs from which 
water obtained artesian flow pumping. 


Surface Reservoirs 


The 400-year old reservoir Northeastern Iran, shown Fig. illus- 
trates the pioneer storage works the Mid East. 

1950, twenty states the U.S.A. had nearly 7,000 surface reservoirs 
each which had capacity 5,000 acre-feet more, and total usable 
water storage capacity more than 100 million acre-feet and surface area 
more than million acres. 

estimated that the world has more than 25,000 surface reservoirs 
largely for irrigation purposes. Some have capacities only few thousand 
acre-feet whereas others have capacities millions acre-feet. The 
capacity Lake Mead U.S.A. nearly million acre-feet and that 
Wainganga India more than million acre-feet. The reservoirs 
listed Table have combined capacity more than 200 million acre-feet, 
enough cover the world’s irrigated lands depth more than inches. 

The U.S. Bureau Reclamation surface reservoirs constructed the 
past half century store more than million acre feet water. Additional 
reservoirs, having total capacity about million acre-feet, have been 
authorized for construction the Upper Colorado River Storage Project. 
The Bureau Reclamation will, therefore, have surface reservoir water 
storage capacity 100 million acre-feet when the Colorado River dams and 
storage facilities are completed. 

The building these large reservoirs requires the very careful attention 
the engineer. shown Table volume more than 130 million cubic 
yards materials was used the construction Fort Peck Dam. Six other 


large Cams listed Table required material ranging from million 
million cubic yards for each dam. 
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Figure Iran Reservoir 400 years old 


WORLD'S GREATEST RESERVOIRS 


Capacity 


Acre-Feet 


Wainganga, India 33, 300, 000 


Lake Mead, Hoover 31,047, 000 

Glen Canyon 28, 040, 000 
Oahe 23, 600, 000 
Garrison 23,000, 000 
Fort Peck 19, 400, 000 
Pine Portage, Canada 136,000 
Roosevelt Lake, Grand Coulee 
Lac Casse, Canada 800, 000 
Bhakra, India 
Hirakud, India 6, 750, 000 
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TABLE WORLD'S LARGEST DAMS 


Cubic Yards 
Fort Peck 130, 421, 000 
Oahe 79, 070, 000 
Garrison 67, 500, 000 


Fort Randall 000, 000 


Hirakud, India 27,000, 000 


Kingsley 000 
Gatun, Canal Zone 23,000, 000 
Denison 18, 762, 000 
Sardis 000 
Cherry Creek 650, 000 
Under 


early years, the engineer started the development water storage 
facilities building low nonconspicuous dams. Now many the dams are 
more than 550 feet height, indicated Table which lists selected 
dams ranging height from 550 feet 780 feet. important note that 
many these dams and reservoirs are constructed not only conserve 
water for irrigation, municipal and industrial water uses, but also control 
floods and develop hydro-electric power. Many these are multi-purpose 
projects, but water conservation dominant factor the construction 
most the big dams and reservoirs. 


TABLE WORLD'S HIGHEST DAMS 


Height 
Mauvoisin, Switzerland 780 


Hoover 726 
Glen Canyon 700 
Bhakra, India 680 
Shasta 602 
Kurobe No. Japan 590 
Tignes, France 590 
Grande Dixence, Switzerland 
Hungary Horse 564 
Grand Coulee 550 
Bekhme, Iraq 550 


Under construction. 


First stage construction; full height dam 921 feet. 


Ground Water Reservoirs 


Centuries have passed since pioneer irrigators developed ground water 
the construction long underground tunnels known ghanats. some 
the Eastern countries, ghanats are now very much used obtain water. 
parts Iran, ghanats, like the one shown Fig. provide drainage for 
the higher lands and irrigation water for the lower lands. 


Year 
1940 
1954 
1956 
1941 
1912 

1945 
1940 
1950 

19 36 
1945 
1956 
1953 
1953 
1942 
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Figure Ghanat Outlet, Iran 


Through the help the engineer, arid-region countries have made sub- 
stantial progress the development and use ground water for irrigation. 
five western states the U.S.A. there are 54,000 pumped wells which have 
combined capacity 75,000 C.F.S. During recent years, more than mil- 
lion acre-feet water from ground water reservoirs have been pumped and 
used annually California where the total irrigated area more than mil- 
lion acres. The major use the Central Valley and South Coastal area 
which together use more than percent the volume ground water used 
California. 

Texas now irrigates nearly million acres, and pumps each year about 
million acre-feet ground water for irrigation about 2.5 million acres 
with more than 1,800 pumped wells. 

Arizona farmers, 1953, pumped about million acre-feet ground 
water for irrigation and irrigated nearly 1.2 million acres. 

These few examples illustrate the importance ground water reservoirs 
Western U.S.A. from which millions acre-feet water are being pumped 
for irrigation. 

The volume water pumped from some ground water reservoirs during 
recent years much greater than the natural recharge volume. Artificial 
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recharge and control the volumes water pumped require the serious at- 
tention the engineer perpetuate the use these reservoirs. 


Complete Water Control 


The design and construction and maintenance dams and reservoirs 
store, control, and conserve surface water for irrigation very important 
world progress, but not sufficient. 

Many other water-control activities the engineer are very essential 
permanent progress irrigation and drainage. Two these activities, 
namely, conveying the water the irrigated lands without excessive seepage 
losses and irrigating the soils efficiently, are special importance and they 
are considered herein. 

Complete development irrigation project includes the provision 
facilities convey water from rivers, lakes, and reservoirs the irrigated 
lands. also includes preparation for economical and efficient application 
irrigation water the root-zone soils the irrigation projects. 


Water Conveyance Facilities and Problems 


The world’s needs for irrigation canals are great and varied. Many canals 
convey small streams C.F.S. only short distances from the water 
source the land. Other canals convey streams several thousands C.F.S. 
hundreds miles from the rivers the farms. 

The Upper Ganga Canal Uttar Pradesh, Indian, (C) has capacity 
10,500 C.F.S. and more than 400 miles length. 

The Lower Chenab Canal West Pakistan, one the largest the world, 
provides water for 2.8 million acres. Its flow capacity 11,000 C.F.S. and 
has 450 miles main canals and 2,500 miles distributaries. 


Total Length World Canals 


For estimating purposes, assumed that the total length irrigation 
canals the world proportional the area land irrigated. The world 
irrigated area approximately times the area irrigated U.S.A., and 
hence, the estimated total length canals about 1,350,000 miles. only 
3/4 the canals need lining and other improved facilities for efficient water 
conveyance, the engineer should provide lining for irrigation canals more 
than million miles length contribute worldwide soil and water con- 
servation. The task monumental one. 

estimated that U.S.A. nearly million acre feet, percent 
the volume water diverted for irrigation lost due largely seepage from 
the canals before reaches the farms. 

Part the water that seeps from the higher canals flows into nearby, 
lower canals. Also, part the water returns the creeks and rivers and 
again diverted for irrigation lower lands. However, more efficient con- 
veyance water problem great concern the engineer well 
the public. Excessive seepage losses are costly many ways. One the 
great disadvantages excessive seepage losses from canals soil water 
logging, thus making millions acres land non-productive. is, there- 
fore, very important that the engineer and the public give greater attention 
the provision facilities for efficient water conveyance. 
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Many materials and methods for canal lining have been developed, yet 
substantial number canals are not lined—not more than percent are lined. 
Certainly the need for lining canals reduce seepage very great many 
countries. 

During 1955 and 1956, the author visited irrigation projects Africa, India, 
Iran, and Pakistan where the soils very large areas irrigation 
project lands have become waterlogged only years after the irriga- 
tion water was first provided and applied.(10,13,14,15,16,18) Determinations 
water conveyance efficiencies and water application efficiencies these 
projects, though very important soil and water conservation, are yet 
developed; and these determinations are urgently needed. 

The International Commission Irrigation and Drainage (ICID) Third 
Congress held San Francisco during May, 1957, considered Canal Lining 
one the major questions. The papers Canal Lining presented 
engineers from countries demonstrate the world realization needs for 
lining irrigation canals assure efficient conveyance water. They also 
add information concerning methods and materials for canal linings. 

was encouraging the author find January, 1956, concrete lining 
for new canals the Karkheh Project Iran illustrated Fig. 
Efficient water conveyance this project very essential. 


Water Application Methods and Problems 


One the major world problems soil and water conservation arid 
regions find how economically apply adequate depths irrigation 
water the soils each irrigation, and also how prevent the application 
excessive depths water which cause excessive deep percolation, shallow 
water tables, and waterlogging root-zone soils, salinity and alkali problems, 
and sterilization soils.(8) Irrigation water applied the surface the 
soil flooding, furrows, and sprinkling. Major questions confronting 
the engineer are: how best prepare the lands for irrigation, and how ir- 
rigate the soil efficiently. Land leveling for irrigation hand methods 
India illustrated Fig. Modern methods with modern machinery are 
urgently needed many countries. 

The orchard specialist and the agronomist have conducted many experi- 
ments irrigation agriculture and irrigation orchards, alfalfa, grains, 
and other crops, but the engineer has not yet given enough attention the 
IRRIGATION THE SOIL. The dominant factors which determine the ap- 
propriate depth water apply each irrigation are soil texture, structure, 
and root-zone depth. Only very few soils can retain more than 1-1/2 inches 
depth available soil water per foot depth soil from one irrigation. Some 
soils retain less than 3/4 inches per foot depth soil. root-zone soils 
4-feet depth, the maximum water depth single irrigation should, 
fore, not exceed inches. 

Great progress has been made during the past few decades measuring 
the capacity root-zone soils store available soil water. 

For example if: 


the depth root-zone soil, inches, 


Pac the percentage available water the dry-weight basis the 
field moisture capacity less the moisture percent before irrigation, 
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Figure Concrete Lined Canal Recently Constructed the 
Karkheh Project South Western Iran 


the apparent specific gravity the soil, and 


the depth water inches fill the soil available water capacity. 


For soil 1.3 apparent specific gravity (Ag) having available water 
capacity percent and depth inches, the depth water needed, 
spread uniformily would be, from equation (1) 
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Figure Preparation Land for Irrigation Northern India 
Hand Labor 


100 


3.9 inches 

With modern equipment including tensiometers and related facilities, the 
elements equation (1) can now measured reasonable costs. 

The following elementary rational equation makes easy compute 
depths water applied: 
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(2) 
When average depth water applied, inches 


area land irrigated, acres 


the size stream used, cubic feet per second, (acre inches 
per hour approximately) 


time required irrigate the area, hours. 


This equation should used farmers with the help the engineer, 
all irrigated countries the world. can used the irrigation millions 
acres many countries with substantial advantage the conservation 
soil and water. convenient and easy graphical method solving this equa- 
tion and thus finding the depth water applied given farm area (acres) 
with given quantity water (cubic feet per second) selected time (hours) 
was developed Garton(5) and illustrated Fig. for English measure- 
ment units. This figure shows, for example, that stream C.F.S. applied 
tract land for period hours would cover the land 
depth 6.5 inches. Also cubic feet per second are used for hours 
irrigate acres, the depth inches. 

Equations (1) and (2) are presented the Author’s text book, “Irrigation 
Principles and Practices”(9) 1932, and also the Second Edition 1950. 
This book has been translated and published Yogoslavia and Russia. will 
published soon China. 

the metric units liters per second, centimeters depth water applied, 
and areas Hectares the equation is: 


27.8 


popular and unfortunate slogan among pioneer irrigators the West 
was: “More Water, More Crops.” This led inefficient and wasteful appli- 
cation water thousands farms. The results many measurements 
the efficiency and its relation the depth water applied 
are presented Fig. Note that with depth less than inches, the 
efficiency was from percent; but that when the depth was more than 
inches, the efficiency was less than percent. 

These low water application efficiencies not contribute soil and water 
conservation. They contribute losses soils, water, and plant 
food. 

The number irrigations each year factor great importance the 
necessity for special attention the engineer toward higher efficiencies 
water application. Assume, for example, that the average area the world 
irrigated farm 100 acres. The world would then have million irrigated 
farms. average assume, that each farm irrigated times per year. 
the basis these estimates farm area, and number irrigations, the 
farmers the countries the world that depend irrigation would apply 
million irrigations each year. This great number water applications 
each year helps demonstrate the urgent need worldwide assistance 
the engineer measure the depths water applied million times and as- 
sure efficient application irrigation water the soils. 

The time rate water application, relation the soil permeability and 
infiltration rate, vital importance. When the flooding methods are used, 
water applied slowly large fields, excessive deep percolation water 
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Figure Nomograph for Finding Depth Water Applied 


through the soils will occur near the upper end the field. shown 
Table and Fig. this will greatly decrease the water application ef- 
ficiency. the other hand, large irrigation streams applied small fields 
tend cause excessive surface runoff losses and low application efficiencies. 
The effects applying water low rates long border strips Idaho 
are shown Table 
For the clover tract when the time rate water application (q/A) was 
5.8 cubic feet per second per acre, average depth 8.1 inches was re- 
quired cover the area, and when q/A was reduced 0.8 cubic feet per 
second per acre, the average depth required was 20.2 inches. 
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efficiency 


Depth Water Applied 


Figure Water Application Efficiency Studies. 


the available water holding capacity depth about inches, illustrated 
equation (1), then the water application efficiency would percent for the 
time rate 5.8 C.F.S. per acre and percent for the low time rate 0.8 
C.F.S. per acre. The readers can make similar comparisons for the results 
the irrigation the alfalfa tract shown Table 

The Montana Agricultural Experiment Station 1957 gave special atten- 
tion research concerning “Irrigation Application Efficiencies,” and 


lepth Number Water application 
Water efficiency 
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Border 


Advancing sheet water 
land surface 


Section A-A 


Figure Illustrating irrigation water being applied border 
strip, and how the water moves forward cover 
small area, dA, short time, dt, and also how 
percolates into the soil the upper part the strip. 


developed equation for computing the required size stream apply the 
desired depth water border strip given size and slope and with soils 
known infiltration rates. field tests days with this basic equation, 
the average depths water applied were 4.5, 3.0, and 4.4 inches respectively. 
The maximum depth the tests was 5.6 inches and the minimum was 2.6 
inches. 

The results these studies and tests when published will special in- 
terest the engineer who contributing toward worldwide improvements 
soil and water conservation. 


The author’s long-time studies soil and water conservation related 
irrigation and drainage problems and progress U.S.A. together with short- 
time studies Africa, Brazil, Canada, India, Iran, and Puerto Rico consti- 
tutes the bases for the conslusions that: 


The engineer has vital and great responsibility society irrigation and 
drainage for worldwide soil and water conservation. 
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to Irrigate Two Strips 
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and Depth 
Land 


f Water Requi 


Rigby, 


NY 
Wear 


when Water as Applied at Different 


lime 


September, 1958 


Idaho 


Rates. 


Jo. of Length of Area of Time of Time Average Depth 
D si Strip Cove ed| Plot Application | Required, | Water Required | 
»vered 1 | Feet Covered, q BG Hours to C Area, 
Yne Run \Acres per acre Inc he 
(a) Clover Tract | 
l 337 0. 383 8 l 7 | 8.1 | 
< 674 0.767 24.9 20 
1348 1.534 7.70 
5 1685 ee 1.2 10.70 l i | 
6 2020 2. 300 16.70 
7 2359 2. 684 0.8 2 70 0 | 
(b) Alfalfa Tract 
0.70 10.0 0.75 7.4 
1307 2. 88 <.4 | 25 10.2 | 
5 1634 2.63 } 11.9 
6 1960 1.39 


The engineer must have the strong and active support the agronomist, 
botanist, soil chemist, and also legislative, administrative, and judicial 
officials—Presidents, Kings, Queens, Ministers, Directors, Judges, Jurys, 
etc. solve soil and water conservation problems for world welfare. 


Continued world cooperative activities represented the ICA, United 
Nations, ESCO and FAO, ICID, and other similar agencies are vitally im- 
portant progress conservation. 


nearly all the arid-region countries there are urgent needs for train- 
ing large number irrigation and drainage engineers extend and im- 
prove irrigation system efficiencies, prevent and correct water logging 
soils, establish and maintain effective drainage systems; and thus contri- 
bute soil and water conservation. 


The challenge perpetuating agriculture and civilization confronts also 
statesmen and scientists. They must enlarge the development the 
sciences, andtheir application agriculture. They must allot liberal 
proportions their funds, and their agencies studies methods 
water conveyance and application water soils that will assure 
soil productivity, prevention soil erosion, and mastery the salinity 
and alkali problems. 


The U.S.A. contributions technical cooperation have been substantial and 
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have advanced the standard living, provided equality opportunity, and 
promoted friendship and peace many countries. The engineer should 
endorse and support this statement made President Eisenhower: 


“We have wanted world which might live peace and confidence. 


And striving toward this goal, have understood that help others 
was the best way for ourselves advance.” 
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IRRIGATION THE HUMID 


Closure Kimbrough, Jr. 


discussion Mr. Blaney was very interest- 
ing. From his remarks, becomes apparent that the writer did not make 
specific statement the intent the paper the type crops which 
the major emphasis would placed. The writer was intending show those 
problems centered extensive field crops such cotton, corn, soybeans 
and others. The theoretical calculations water requirements have been 
more satisfactory citrus and vegetable crops than with the extensive field 
crops such pastures, cotton and corn. The reason for this earlier success 
citrus and vegetable crops due their sensitivity drought conditions 
because the root system and tender nature the vegetative growth. 

The writer was aware the method mentioned estimating consumptive use 
water. This very valuable tool for the design engineer calculating 
the supplemental water that must available provided the demand exists. 

The problem that plagues the irrigator the humid area predicting when 
the need exists and for what length time the need will continue until satis- 
fied rainfall. 


The writer has experienced very often irrigating crop and having heavy 
rain within twenty-four hours less. Adequate irrigation followed heavy 
rains has caused serious damage the crop. The greatest problem not 
the calculation the demand quantity, but predicting accurately the length 
existing drought period. This type prediction lies the realm 
“weather forecasting” and not the hands the irrigation engineer. 


Paper 1352, September, 1957, Kimbrough, Jr. 


Asst. Agri. Engr., Dept. Agri. Eng., Mississippi State College, State 
College, Miss. 
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GRAPHICAL SOLUTION FLOW EARTH 


CARINO, ASCE.—There general agreement the advantages 
brought about the use graphical solutions recurring problems. Vari- 
ous approaches have been designed engineers meet their particular 
needs. 

The graphs presented Mr. Cox his discussion doubt meet the re- 
quirements the Army Engineer Waterways Experiment Station for 
rapid preliminary design work where different channel shapes and sizes, 
roughness values, and slopes are investigated. The area the first 
equation apparently had been overlooked since appears the right hand side 
the equation for Cy. 

Messrs. Kolupaila and Kennedy contributed interesting presentation and 
discussion graphical solution Manning’s formula. The writer concurs 
that some additional data can incorporated the nomogram. Mention was 
made the most efficient section which will require the least excavation. 
Theoretically, will lead the most economical design. However practice 
the terrain which the canals will constructed frequently important 
factor consider and the so-called efficient section may not turn out the most 
economical design. the Philippines has been our experience that 


more economical use 2.5. Such section increases the amount exca- 


vation some extent. However this increase excavation utilized 
building the embankment that generally required the side the canals. 
The excavation from the canal when the minimum cross-sectional area 

used usually not sufficient cover the need for embankment materials 
and since costs more borrow soil materials from other sources the in- 


crease excavation use ratio 2.5 generally leads more eco- 


nomical design. Since these graphs were constructed primarily for use the 
canal design the Bureau Public Works the Philippines, the conditions 
meeting our needs were specifically adopted. 


The discussion Messrs. Cox, Kolupaila, and Kennedy are very well 
appreciated. 


Proc. Paper 1360, September, 1957, Isdro Carino. 


Chief, Planning and Programming Unit, Irrigation Division, Bureau 
Public Works, Philippines. 
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COMMON ERRORS MEASUREMENT IRRIGATION 


CHARLES THOMAS, three formal discussions the 
paper are very gratifying the writer. also wishes take this oppor- 
tunity thank those who did not prepare discussions for publication, but who 
have commented verbally and direct correspondence. 

First, attention should drawn errors which appear the original 


paper. 
printed Should read 
error 
Page 1362-6, Table 100 
Page 1362-17, Table 


fourth column 


Mr. Starosoloszky has extended the discussion items covered briefly 
the paper. has further emphasized the remarks the author regarding 
the necessity for obtaining continuous records representative head obser- 
vations accuracy maintained. unfortunate that adequate infor- 
mation not included permit better understanding the supporting 
arguments. Presumably, each the four curves the three families 
curves shown Fig. represents different daily percentage variation 
differential head the Venturi meter. However, since there indication 
the curves the assumptions made calculating each one, the value 
the figure supporting the argument considerably reduced. 

the case weir, the discharge varies more rapidly than the head. The 
relationship given many weir formulas shows that the discharge varies 
Proc. Paper 1362, September, 1957, Charles Thomas. 

Hydr. Engr., Bureau Reclamation, Dept. the Interior, Denver, 

Colo. 
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the three-halves power the head. Therefore, the volume discharge 
obtained reading the gage intervals and averaging the readings will give 
discharge somewhat less than that actually passing the weir. 

initial head zero and uniform rise depth the end 


time interval are assumed, has shown that the ratio dis- 
charge integration 


Volume average head 0.88! 
Actual volume 

the true discharge 1.13 times the discharge obtained using the average 

head for the two readings taken the beginning and end the period. 

This percentage error will the same regardless maximum head 
(Hg) and for rising falling stage the initial head (H,) zero. The error 
resulting from computation discharge using the mean head will decrease 
the ratio increases there initial depth flow over the weir. 
The percentage error will decrease the number readings per time 
interval are increased and approach zero for continuous records. 

Short period surface fluctuations approach wave conditions. has been 
shown Professor that wave disturbance increases the discharge 
over weir. When waves are present, the discharge may expressed 
times the discharge under the same observed head with undisturbed 
water the approach channel. The values derived Professor Gibson 
are: 


With waves sinusoidal form, and thin crested rectangular weir, 
0.19 (a/H)2 and 90-degree Vee-notch weir, 0.94 (a/H)2 
where equal one-half the wave length 


With waves trochoidal form the effect less than with sinusoidal 
waves. The value for rectangular weirs varies from 0.070 
0.182 (a/H)2 for ratios wave length over wave height varying 
from 3.14 (sharp crested wave) 15, respectively. For the same 
range length-height ratios, the value varies from 0.50 H)2 
0.92 (a/H)2, respectively, when applied 90-degree Vee-notch 
weir. 


many the instances pointed out the paper, the error negative. 
Thus, when waves are present, more water delivered through the weir 
notch than indicated gage readings the mean water level. 

Some clarification apparent from the remarks made Mr. Kolupaila. 
The purpose the original paper was point out some the reasons why 
measurements made connection with the conveyance and delivery irri- 
gation water may not accurate assumed and present some idea 
the order magnitude the error expected from few the more 
common deviations from accepted practice the use standard devices 
generally used the field. The writer fully aware the hundreds valu- 
able papers and discussions which have been written the subject weirs. 
this long list many new papers are being added each year. This device has 
probably been the subject more hydraulic laboratory investigations than any 
other development, for flow measuring for other use. list only the 
subject and author these writings weirs would occupy far more printed 
pages than the paper. similar listing references the other field 
measurement devices discussed would extremely lengthy. should 
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noted that the word “references” was used the paper and not “bibliography.” 
technologist working large university for large firm where 
extensive library available, bibliography may rare gem, but dross 
the engineer small office the field. For him, the few items having 
immediate practical bearing his problem must cited and summarized. 

American engineers are generally well aware the great value writings 
done other countries. This evidenced the fact that many the arti- 
cles European engineers weirs and other subjects have been studied, 
translated full abstracted and the contents are quite well One 
example Dr. Hailer’s thesis, given Reference page 1615-27. This 
excellent writing has been translated full and published 

The Schoder and Turner paper with the many excellent discussions and 
references(4) may considered international symposium sharp crested 
weirs and review the earlier European writings. 

appears that abundance information rather than deficiency con- 
tributes the confusion the spelling the name the inventor the 
trapezoidal weir having slope the sides horizontal vertical. 
amination references immediately available the author, without search 
recourse the library, reveals that eleven spell the name CIPPOLETTI, 
ten use CIPOLLETTI, three use CIPOLETTI and one uses CIPPOLETI. This 
very limited examination shows that continental European writers prefer 
CIPOLETTI while those from Great Britain prefer CIPPOLETTI. The spell- 
ing American writers almost equally divided between CIPPOLETTI and 
CIPOLLETTI. The references examined left doubt regarding the type 
weir referred to. However, the confusion spelling certainly should 
corrected. 

The comments Mr. Balloffet are most welcome additions the paper. 
The statement “the error measurement begins with improper selection 
the measuring device,” certainly merits extensive consideration. Selection 
the proper means measurements best fit the physical conditions the 
site would solve many the operating problems. the side economics 
the author prefers include under requirements for measuring device, 
given Mr. Balloffet, under initial costs and operation and maintenance 
costs.(5) the latter costs are included, perhaps Mr. Balloffet will wish 
modify his statement, “weirs fail meet all but perhaps the fifth these 
conditions,” (e. inexpensive) “in most common instances.” maintain 
weir installation such condition that will give reasonably accurate result: 
usually significant item expense. 

Venturi flume, pointed out Mr. Balloffet, capable accurately 
measuring wide range discharges and for this reason should more ex- 
tensively used. This type device has been subjected extensive study and 
recognized international basis. Dr. 1(6,7) has established some 
interesting flow relationships these devices. 


Horton, Robert E., “Weir Experiments, Coefficients and Formulas,” Water 
Supply and Irrigation Paper 200, Department the Interior, United 
States Geological Survey, Government Printing Office, Washington, C., 
1907. 
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Gibson, Arnold H., “The Effect Surface Waves the Discharge Over 
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Schoder, Ernest and Turner, Kenneth B., “Precise Weir Measure- 
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DRAINAGE THE MISSISSIPPI RIVER 


Discussion Clyde Cass, Jr. and Richard Shen 
Closure Louis Herndon 


CLYDE CASS, ASCE and RICHARD Herndon, 
under the heading “Project Development” has given drainage formulas used 
the Soil Conservation Service and the Corps Engineers the design 
drains the Mississippi 

Mr. Lane with the help Mr. Taiwan, Free has made 
detailed studies drainage problems and practices this area, and has de- 
veloped workable formula for the drainage flat lands the Mississippi 
Watershed, which takes into consideration 5-year frequency rainfall 
twenty-four 

The formulas given Mr. Herndon under Project Development used 
the Soil Conservation Service and the Corps Engineers the design 
drainage ditches are plotted the Lane-Pu graph shown below. 

interesting note the close agreement the two separate sets 
formulas, This correlation serves support the soundness both empirical 
approaches. The Lane-Pu drainage formulas were developed synthetic 
analysis all the available drainage formulas and data the area. The 
formulas used this derivation are listed below area and source and 
conditions under which they apply. 


drainage district, Desha and 


Chicot Counties. 

Total area district 460 square miles, being classified 
Mississippi bottom land. Cultivated area comprises not more than ten per 
cent with cotton farming the main crop. Top soil Mississippi alluvium. 
Maximum rainfall record 5.8 inches twenty-four (Miami 
Conservancy District Tech. Report No. 


4 j 
Valley 


tw 


Proc. Paper 1363, September, 1957, Louis Herndon. 

Agri. Engr. (Soil Conservation Service, Dak.), Graduate student, Irrig. 
Eng., Colorado State Univ., Ft. Collins, 
Asst. Research Engr., Colorado State Univ. Research Foundation, Ft. 

Collins, Colo. 

Ayres, Agriculture Eng. Dept., Iowa State College and Hindinger 
(deceased, formerly Morgan Eng. Co.) contributed the studies made 
Mr. Lane and Mr. Pu. 
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A 


Northwestern Arkansas. 


Total area district 1000 mi. Topography nearly flat, wooded 
plain, consisting soil alluvium deposited Miss. River. Maximum 


rainfall 5.2 in. per hrs. 
Cache River drainage district. 
/ 4 
| 
Faken from curve Stewart, Red River Valley, 


Dept. Agriculture Bulletin 189, Aug 1907. 
Minn. 


Dept. Agriculture Bulletin 1017, 1886. 


181, 


Drainage area 150 sq. mi., consisting bottom land from 1/2 
2-1/2 miles wide, bordered rough, rolling land. The soil composed 
silty loam underlain clay. Maximum rainfall 6.1 in. per hrs. 


Taken from curve 
Dept. Agriculture Bulletin 244, Belgoni drainage district, Wash 
Co., Miss. 


Morgan, St. Francis Valley, 


fe 


Ark. Low flat alluvial land. 


) 


(Drainage Project Northeastern Ark., Office Experiment Stations, 
Circular 86, pp. 20). 


O/) 
Louisiana district drainage. 


consideration given for storage bayous and ditches. Maximum 
rainfall 6.1 in. per hrs. 


12. Elliott, Everglades 
News-Record, July 28, 1921) 


2) 
Everglades. (Mead’s Hydrology, 
588) 
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14, 


the use the above formulas, the Lane-Pu drainage formula 


Revised formula for Little 
River, Northwestern Arkansas. 


15. was derived the following 


steps: 
Where: discharge cfs 
the maximum rainfall years frequency inches per 
hours 
the drainage area square miles. 


Step 


Obtain all the available data relating the subject. These data are written 
different forms tables and articles. 


Step 


Plot the data obtained log-log paper with discharge abscissa and 
drainage area ordinate. 


Step 


Plot all the points log-log paper with abscissa and 5-year 
frequency maximum rainfall data ordinate, for different values drainage 
areas. 


Step 


Draw one straight line through points which represent “good drainage” 
from each size drainage area. 


Step 


the use curves obtained Step IV, plot log-log paper discharge 
abscissa and Area ordinate for different values maximum rain- 
fall 5-year frequency. 


Step 


From the curves Step obtain their intercepts with the X-axis and their 
slopes. Plot these log-log paper ordinates with maximum 
Draw the fitting straight lines for them. (Slope equals Intercept 
equals 
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Step VII 


Adjust the lines the graph Step fit the results from Step 
produce the final graph. 


Step VIII 


From the curves obtained Step VI, the equations intercepts and slopes 
when combined from log-log paper give the following equation: 


equals KM" equals 


For other discussions drainage formulas refer Mr. George Pickles 
drainage article Handbook Applied Hydraulics Davis, Section 
page 1015. this article comparison runoff curves which have been 
used design drainage channels different sections the United States 
illustrated. 

For detailed information about the Soil Conservation Service drainage 
formulas refer to: SCS Drainage Engineering Handbook, Section 16. SCS Hy- 
drology Handbook will give runoff coefficients use design drainage 
ditches for specific soils and land use requirements. 


LOUIS rate runoff for which agricultural drainage 
systems should designed determined number-of considerations. 
Maximum 24-hour rainfall expected once each years one factor 
consider. Size drainage area important—the rate runoff per square 
mile for design decreases the area increases. 

These factors have been studied many engineers and formulas developed 
which suited the particular requirements. There are other considerations 
which are not specifically identified the formulas studies Messrs. Cass 
and Shen. These are topography, soils, land use, and crops grown. All 
are important selection drainage coefficient. 

Undoubtedly all these factors were considered the men who developed 
the formulas listed the discussion Cass and Shen. Actual 
stream-flow measurements have also been deciding factor formula de- 
velopment. The result somewhat different formulas for use specific 

The Soil Conservation Service has given great deal study the de- 
velopment runoff curves which will give adequate agricultural drainage 
those areas where needed. There are least six different curves which 
have been developed for frequent use the alluvial valley the Mississippi 
River. They are all derived from adaptations the basic formula CMn, 
curve selected give good drainage the particular area giving due 
consideration climate, topography, soils, land use, crops, and the degree 
development within the watershed. Frequently two more curves will 
used the same watershed order give different degrees drainage 
separate parts the watershed. 


Drainage Engr., Dept. Agri., Soil Conservation Service, Ft. Worth, 
Tex. 
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Observations the successful drainage accomplished the use these 
curves over period many years have proved their suitability. 
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WATER USE 


Discussion Frederick Hotes 
Closure Ray Derby 


FREDERICK HOTES, ASCE.—The relative magnitude the in- 
dustrial requirements for water, compared other uses the United 
States, concisely presented the summary table the first page this 
paper. The writer desires supplement and extend these basic figures, 
means different approach that has proved very effective from the 
standpoint water resources planning the state California, and has also 
served emphasize the intensive concentration many industrial uses. 

The alternate method presentation herein discussed based 
the method. this approach, the total volume water used 
during unit time (the most common unit being one year), expressed 
the depth water feet that would cover the land concerned the volume 
water used could spread uniformly over that land. This method uni- 
versally employed engineers, hydrologists and others, express water 
use non-urban lands, but its use for urban areas has been much more limit- 
ed, even though known for some particularly useful when 
ing regions that embrace both agricultural and urban lands, and which the 
areas urban land are being expanded the expense agricultural lands. 

was the primary method used the California Division Water Resources 
making probably the most comprehensive survey ever made large area 
(100,690,000 acres) embracing practically all types water uses. The re- 
sults this survey, determination the “Water Utilization and Re- 
quirements California”, was published June, and was for con- 
ditions about 1950. the large metropolitan areas such the San 
Francisco Bay Area, Los Angeles, and San Diego, the population-saturation 
method was used supplement the area-depth studies. 

these California studies the importance industrial uses and needs re- 
ceived detailed attention. was soon found that while there was much data 
available industrial needs expressed units production, and per 
capita usage for industry, little was Known about the total uses and needs 
industry whole. Even industry did not have the answers. was there- 
fore necessary make detailed surveys water uses all types, using 
water meter data, with corrections where necessary for supplemental sources 
supply. Areas devoted almost exclusively industry that were subjected 
such studies included the Vernon and Terminal Island areas near Los 
Angeles, and the City Emerville, near Oakland. 


Proc. Paper 1364, September, 1957, Ray Derby. 
Water Conservation Engr., Development Resources Corp., New York, 
Stationed Ahwaz, Iran. 
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One study made 1950 some 107 industrial uses Emeryville, covered 


the following types industries. 


Industrial Classification Number Industries 
Chemical and Allied 
Electrical Machinery 
Fabricated Metal 
Food and Kindred Products 
Lumber and Products 
Contractors 
Distributors 
Laundries 
Machinery 
Paper and Allied Products 
Primary Metal Industries 
Printing and Publishing 
Textiles 
Utilities 
Rubber Products 
Miscellaneous Manufacture 


TOTAL 


The average depth water use for these industries was 7.2 feet per year. 
This depth refers the net area occupied industry inside its property 

lines, thus excluding city streets, sidewalks and parking strips. The range 
use varied from 0.2 foot 24.5 feet. 

Some industries the Bay Area used much feet depth water 
per year. 

For the entire San Francisco Bay Region, area 2,538,000 acres, 
was found convenient classify industry into three subclasses. (4) 
“General industrial” uses included manufacturing, storage, transportation and 
wholesale distribution facilities. Industries with very minor water demands 
such oil tank farms, explosive storage areas, and salt evaporation ponds 
were classified “low water-using industrial”. “Airfields and appurtenant 
facilities” were considered the third class industrial use. Areas and 
average water uses these classifications about 1950 were 


Industry Classification Area acres Average water use 
feet depth per 
General 11,500 
Low water-using 30,900 Practically Zero 


Airfields 3,600 0.4 


The above figures refer water deliveries, and are not consumptive use. 

For comparison, should noted that single dwelling residential areas 
have uses generally ranging from 2.2 2.5 feet. 

The total area all urban and suburban classifications 1950 was about 
225,000 acres. The needs industry that time, this perhaps typical 
metropolitan area with population over 2,500,000, constituted 36.6 per 
cent the total urban usage. 

Different urban classifications were used the Los Angeles and San Diego 


areas for better adaption the local zoning ordinances and conditions, but the 


107 
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general industrial average use, and the range usage, was found about 
the same the San Francisco Bay Area. One fact that was quite evident 
was that even these areas where water supply generally acknowledged 
critical, and where water imports are made over great distances and diffi- 
cult terrain, considerable cost, many thriving industries exist that use 
great quantities water. There doubt the writer’s mind but that 
this will always continue so, for much industry desires good water, 
ample quantity and low rates, the predominant influence such business 
factors sales market, climate, labor market and transportation, will, 
great many instances, outweigh the cost-of-water factor. fundamental, 
course, that least the required quantities water must available. 

Two other types water use within urban areas have much greater de- 
mands than normally realized. Those are the downtown commercial areas, 
and the large hotels. The average commercial use San Francisco was 
found feet;(5) the downtown commercial area Los Angeles 
slightly over and the downtown commercial area San Diego 
over Large department stores often have water uses the 30- 
foot range. Use the San Francisco hotel area atop Nob Hill, site the 
world-famous “Top the Mark”, was found almost feet. large 
hotel downtown Los Angeles had use around 100 feet. 

water becomes more costly, industry and business will extend their ef- 
forts re-use and reclamation waters that the past have been wasted. 
This will tend decrease, least hold near present levels, the intensity 
net industrial demands. The author has cited several examples success- 
ful achievements this direction, and has also ably illustrated that the de- 
gree which this will done will depend primarily upon economics. 

The writer wishes conclude his remarks presenting some condensed 
figures from the California that give some indication the tre- 
mendous development task ahead order supply the water needs all 
types. While these figures are for State that presently (1958) the second 
most populous the United States, and destined, according many pre- 
dictions, some day rank number one population, the relative proportions 
each type use may interest those other areas where agri- 
culture, industry, and domestic demands are all increasing simultaneously. 

Table gives volume water needed per year, and the per cent the total 
volume for each category column has also been inserted the 
writer show the per cent distribution based certain assumptions cost. 
These latter figures result when the assumption made that the cost urban 
and suburban water ten times that water for irrigation other uses, 
While this arbitrary assumption, believed perhaps give better 
indication the true importance domestic and industrial demands, since 
the latter can, and most instances do, pay considerably more for water than 
does agriculture. Under this assumption, irrigation water sold for per 
acre-foot, urban water would sell for $20 per acre-foot cents per thousand 
gallons). 


word regarding the meaning used the table perhaps 
order, The California definition 


“This used reference conditions after unspecified but long 
period years the future when land use and water supply develop- 
ment will maximum and essentially stabilized”. 
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° 
per Year Totai Total per Year Total tal 
Volume Jalue Volume |Vaiue 
Irrigated Lands 
and Farm Lots | 19,250,0vU0 53.5 37,2ho, 


September, 1958 


teguirements 

Year--1950 


‘ 


Acre-Feet of of Acre=Feet | of | 


Other Water 
| Service Areas | 22h ,000 1.0 0.5 493,00 | 0.5 
| 
} > me 
See text ‘for assumptions of writer in deriving this figure, 


represents potential growth that can reasonably attained, but beyond 
which not presently conceivable that American civilization would require, 
ask for, further intensification population facilities. 


REFERENCES 


Lee, Charles H., Water Consumption for Various Purposes Terms 


Depth and Area, Journal the American Waterworks Association, Vol. 17, 
No. February, 1927. 


Gleason, George B., Consumptive Use Water, Symposium, Municipal 
and Industrial Areas, Trans. ASCE, Vol. 117, 1952, pp. 1004-1009. 


Water Utilization and Requirements California, Vol. Publication 
State Water Resources Board, Bulletin No. June, 1955. Sacramento, 
California. 


Ibid., 85. 
Ibid., Table 41, 92, 93. 
Ibid., Table 90, 136. 
Ibid., Table 91, 137. 


Ibid., Table 170, 220, and Table 179, 226. 
Ibid., 39. 


i 

6. « 


ASCE DISC USSION 1784-21 


RAY DERBY,! ASCE.—Mr. Hotes his discussion has brought 
some very interesting observations his comments the 
method for water use. This method, however, cannot applied indiscrimi- 
nately there are many factors that must given 

The area-depth method used the Los Angeles Department Water 
and Power their general planning for future water use. However, Los 
Angeles the area used generally includes all streets, parking, railroad sid- 
ings, etc., rather than excluding them Mr. Hotes has mentioned. The Los 
Angeles Department Water and Power feels that too great refinement 
consider excluding such areas their planning since many cases land 
not subdivided and dimensions streets, parking, etc., are not 

The area-depth method very useful general situation covered 
master plan, where areas are zoned as2 A-1, M-1, M-2, M-3, etc. 
gives general idea what water usage given zone may be. quite 
possible, however, that for instance M-2 zone many types water-using 
industries would involved and these industries could either large 
small water users, which would radically change the conditions supply 
given area. Fire flows must also given consideration over and above the 
quantities required the area-depth method. The required for fire flow 
may imposed upon the peak industrial load and require much larger mains. 
Reclassification zones may preclude establishment certain industries 
because insufficient water supply may require the re-laying mains 
furnish the required quantity these large water consumers are located 
within given 

Mr. Hotes mentions that even areas where the water supply may con- 
sidered critical and water imports are made over long distances and 
difficult terrain considerable cost, many industries exist that use great 
quantities water. This may have been true the past but the writer’s 
belief that with imported waters costing more and more they are brought 
from greater distances and with rising construction costs, will necessary 
semi-arid areas curtail industries which are large users water and 
encourage them settle other areas where water supply and waste disposal 
problems will much easier solve even though the areas may some- 
what farther removed initially from advantageous labor and sales markets. 

Mr. Hotes his table bases certain costs the assumption that urban 
and suburban waters will cost ten times irrigation water. This assumption 
which may have been valid the past may not necessarily the future 
areas where imported water constitutes large percentage the available 
supply. Imported water has minimum fixed cost and its selling cost should 
the same all. This course means that these areas irrigation use 
water will ultimately disappear since the cost will too high for its eco- 
nomical Unless for some specific reason the irrigation cost still kept 
low (below the cost imported water), this differential loss must subsi- 
dized higher cost water the domestic industrial user, 
undesirable hidden tax subsidy. 

the ultimate consideration, industries and their water use must still 
given individual consideration and their location must predicated upon 
evaluation all factors involved. 


Prin, San. Engr., City Dept. Water Power, Los Angeles, Calif. 
These zoning classifications may not used They mean 
agricultural, residential, manufacturing, etc. 
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TEAMWORK THE SOLUTION WATER 


ALFRED GOLZ ASCE.—Mr. Harvey Banks his thought- 
provoking paper “Teamwork the Solution Water Problems,” has drawn 
good picture the necessity for all authorities work together develop- 
ing the maximum gainful use the limited water resources the Nation, 
utilizes the current California water supply situation demonstration 
the problems that demand immediate attention. 

Certainly any one who has been long engaged any phase water re- 
sources development cannot but agree with Mr. Banks’ statements the 
balanced use water, directed the maximum yield from each development, 
which should reflect not only the direct economic benefits but also the more 
intangible benefits. 

Mr. Banks suggests that there are four aspects the teamwork approach 
solution water problems relating first the uses water; second 
coordinating the various agencies who plan, construct and operate water de- 
velopment projects; third, the professional and scientific personnel engaged 
research and; fourth the professional and technical personnel who work 
with water the one hand and the general public the other hand. There 
close relationship between the second and fourth phase which the Federal 
level, for example, often functions one phase aspect. 

Mr. Banks recognizes that team job, leadership must provided. 
His paper does not, perhaps, give the full emphasis that point nor does 
treat fully the factors involved any plan involving the Federal Government. 

There well-recognized maxim that any undertaking which the 
Federal Government participates, through the contribution direct utilization 
Federal funds, the Congress requires the appropriate Federal agency 
responsible for the proper expenditure such Federal funds. meeting this 
responsibility the Federal agency frequently assumes dominant role the 
activity. This often the reason why cooperative plans involving the Federal 
Government financing, end with Federal leadership, even though per- 
centage basis the Federal participation may the minority. 

The attitude Congress well demonstrated the provisions the 1958 
edition the Rivers and Harbor and Flood Control Bill,2 wherein Federal 
financial contribution the California Water Plan authorized the follow- 
ing language: 


Paper 1497, January, 1958, Harvey 

Asst. Comm., Bureau Reclamation, Dept. the Interior, 
Washington 25, 

Sec. 204, 3910, Flood Control Act 1958. 
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“Sec. 204. That, recognition the flood-control accomplishments 

the multiple-purpose Oroville Dam and Reservoir, proposed 
constructed the Feather River the State California, there 
hereby authorized appropriated monetary contribution toward 
the construction cost such dam and reservoir and the amount such 
contribution shall determined the Secretary the Army co- 
operation with the State California, subject finding the Secre- 
tary the Army, approved the President, economic justification 
for allocation the amount flood control, such funds adminis- 
tered the Secretary the Army: Provided: That prior making 
the monetary contribution any part thereof, the Department the 
Army and the State California shall have entered into agreement 
providing for operation the Oroville Dam such manner will pro- 
duce the flood-control benefits upon which the monetary contribution 
predicated, and such operation the dam for flood control shall 
accordance with rules prescribed the Secretary the Army pursuant 
the provisions section the Flood Control Act 1944 (58 Stat. 
890): Provided further, That the funds appropriated under this author- 
ization shall administered the Secretary the Army manner 
which shall assure that the annual Federal contribution during the 
project construction period does not exceed the percentage the annu- 
expenditure for the Oroville Dam and Reservoir which the total flood- 
control contribution bears the total cost the dam and reservoir: 
And provided further, That, unless construction the Oroville Dam and 
Reservoir undertaken within years from the date enactment 


this act, the authority for the monetary contribution contained herein 
shall expire.” 


The principle Federal direction following Federal financing plain 
fact life that has considered any planning water resources de- 
velopment this country, much which seems beyond the means 
non-Federal agencies finance. The writer, however, agrees with Mr. Banks 
that the teamwork approach the only solution our complex maze engi- 
neering and economic activity associated with water resources development 
can solve the first problem, how develop the desired teamwork. Federal 
leadership already strongly apparent the water resources development 
field and will continue not much because any desire for Federal su- 
premacy Federal officials but because the inter-basin and inter-state 
problems are being worked out under compacts authorized and approved 
the Congress and with financing provided whole part the Federal 

the opinion the writer, the work will forward best for all concerned 
all levels activity associated with water resources development can learn 
work together each level, taking full responsibility for its own area 
interest and providing proper support and direction the next higher level 
whether county, state, Federal Government. Mr. Banks recognizes 
this when calls for development the California Water Plan under the 
leadership the State, but the State can lose leadership the Federal 
Government too much assistance furnished Uncle Sam. 

support Mr. Banks’ recommendations, the writer also suggests that 
proper water resources development cannot obtained there continued 
effort various interests play off one Federal agency against the other 
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seeking obtain support from the agency which makes the lesser demand for 
local contribution, thereby confusing the Congress well the tax payers 
who the end pay the bill. 

conclusion, the writer recognizes that there remains much done 
secure teamwork the Federal level among the more than Federal agen- 
cies that have interest some phase water resources 
article this subject course preparation the writer. 
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RESOLVING CONFLICTING DEMANDS FOR 


Discussion Ernest Flack 


ERNEST FLACK,! ASCE.—This interesting and valuable paper 
emphasizes one the most difficult and perplexing problems water re- 
sources planning and development—that planning for potential uses water 
where conflicting demands for the water exist. That cooperative planning for 
the waters international streams the exception rather than the rule can 
illustrated the major undeveloped river systems the world. These 
rivers are usually international character and conflicting demands for the 
use their waters have left them largely undeveloped. The author has de- 
scribed some these streams. 

For the Colorado River, the author has pointed out that the terms the 
Mexican Water Treaty covering this river were accepted compromise 
the interests international amity. has expressed the view 
that engineering planning expedition also played large part the favorable 
action least five the Colorado River Basin states. stated that these 
states approved the Treaty terms order that the water supply available for 
use the United States could known and that the Bureau Reclamation 
could consistent its position that the water supply available for use 
each state must known. Nevertheless the exact contribution which each 
state must make the Mexican delivery requirement under ultimate con- 
ditions development has not, yet, been agreed on. 

The author also questions the quality requirements future deliveries 
water Mexico. Bliss(2) has concluded that consumption water the 
Initial Phase operation the Upper Colorado River Storage Participating 
Projects will have little practical effect upon the quality water the 
Colorado River below Glen Canyon Reservoir. His figures indicate that the 
Initial Phase would increase the average salt content from 0.73 tons per acre- 
foot 0.85 tons per acre-foot, and that under ultimate depletion 7.5 
millions acre-feet per year the Upper Basin, the salt content would in- 
crease about 1.15 tons per acre-foot, ignoring certain modifying effects. 
This value well within the “good permissible” range. The same general 
conclusion has been given Hinds(3) who concluded that the mineral content 
the Colorado River under the most unfavorable future conditions would still 
better than water actually diverted and used the Lower Basin, before 
the construction Hoover Dam. 

The water quality will further improved passing through Lake 
The effect reservoirs, general, reduce the salts because perma- 
nent deposition from That the reservoir effect salt concentration 


Proc. Paper 1501, January, 1958, Samuel Morris. 
Asst. Prof., Dept. Civ. Eng., Univ. Colorado, Boulder, Colo. 
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does take place was seen 1951 when the water imported the South Coastal 
area California increased salinity and hardness over previous 
This increase was because the reduced inflow Lake Mead was more saline 
and harder and because the smaller holdover content Lake Mead gave great- 
weight and effect the more saline bottom storage. The reversal the 
trend substantial decrease average salinity and hardness Lake Mead 
has been recently reported,(5) and caused the softer and less saline in- 
flow and increased holdover storage due the increased discharge the 
Colorado River. 

The author blames the Government for the shortages water the 
Colorado River putting these waters Upper Basin lands. The excess 
flows the Colorado River that now waste into the sea are not, compact, 
available for any but temporary use the Lower Basin. The Government 
the United States did not apportion the water. This was done the Colorado 
River Compact and the Upper Colorado River Compact, signed the interest- 
states. The Government, through the Bureau Reclamation, does cooper- 
ate the planning and responsible for the construction facilities use 
the greater part the apportioned waters not now used. The cost and extent 
these projects will generally require Federal financing and assistance 
construction. 

Planning the Upper Basin uses Colorado River water requires forecast 
possible (not necessarily probable) future domestic and industrial use 
well irrigated agricultural use. The Hill Report(6) estimates total aver- 
age annual depletion 300,000 acre-feet for the oil shale and other industries 
and for population 1,000,000 the West Slope Colorado. This same 
report gives the following average annual depletions Colorado River water 
Colorado available for future use. 


Municipal and Industrial use 300,000 a.f./yr. 

Irrigated Agriculture 

Total 1,400,000 a.f./yr. 


The report also gives 1,450,000 a.f/yr. Colorado’s share the future 
possible depletions the Colorado River. The difference between the future 
possible uses and the total available leaves 50,000 a.f./yr. surplus, the 
average, serve the Mexican Treaty. 

The author has expressed some concern over the possible future need for 
domestic use part the 800,000 acre-feet listed above for irrigated agri- 
culture. summarization the stream depletions all Colorado’s par- 
ticipating projects under the Upper Colorado River Storage Act totals approxi- 
mately 500,000 acre-feet, leaving some 300,000 acre-feet for later develop- 
ment. Person(7) has pointed out that even with the Lower Basin using all their 
allocated water there more than sufficient water for the Upper Basin Initial 
Phase projects. 

study made the writer(8) indicates that the San Juan River 
Colorado the total present and potential depletions are about 13% the allo- 
cated Colorado depletion determined the Hill Report. This substanti- 
ally less than the 20% contribution the San Juan River the flow the 
Colorado River Lees Ferry. this same general relationship holds 
throughout the Upper Basin then potential depletions the Upper Basin irri- 
gation projects will not make full use the water allocated the Upper 
can concluded that economic feasibility and the amount 
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subsidies and not water availability will determine the extent development 
Upper Basin projects. 

With regard conflicts between municipal and irrigation use, has gener- 
ally been expressed that these are the highest uses water the arid 
regions. expanding municipalities convert land use from irrigation urban 
the consumptive use actually reduced. This may illustrated values 
determined the California Department Water This agency 
gives the estimated mean seasonal values consumptive use water irri- 
gated lands the San Diego hydrographic unit 2.0 feet depth. Compared 
the consumptive use applied water urban and suburban areas 0.6 
feet this shows saving 1.4 feet, assuming that full use can made re- 
turn flow from the urban areas. Even this cannot done the total delivery 
the urban areas only 1.8 feet 0.2 feet less than the consumptive use 
for irrigated lands, 

However, pointed out the author, the unparalleled growth the City 
Los Angeles resulted the acquisition lands and water rights the 
Owens Valley order insure water supply for Los Angeles. This result- 
the 50,000 acres irrigated 1910 Owens Valley(9) being reduced 
the present day virtual elimination irrigated agriculture from the economy 
the valley. the present partial water supply could made firm then 
could envisioned that return the former irrigated agriculture could re- 
sult. This would require the importation substantial quantities water 
and such scheme does not appear economically feasible. fact, Los 
Angeles must continue export water damage incur the brine 
processing industry now located the dry Owens Lake bed. While some 
agricultural development favorable lands could utilize water presently 
wasted phreatophytes the future such area appears the de- 
velopment recreation resources, 

The conversion irrigated lands residential areas other uses will 
usually make more water available elsewhere since the domestic consumptive 
use smaller than irrigation consumptive use. Other problems arise, how- 
ever, because the loss productive land, and because the water made 
available will probably not used the degree that was when used irri- 
gate land due hold orders possible use for domestic purposes. Benefici- 
aries return flow may have their flow cut off. Utah, newspaper accounts 
reveal that the State wants the Bureau Public Roads change their criteria 
for the Interstate Highway System permit the highways skirt the valley 
floors that valuable farm lands are not cut used for roadways. 

Over-development, far available water resources are concerned, can 
happen irrigated areas well municipalities. And the same 
manner that these cities must look other sources for water much the 
irrigated areas. The result such over-appropriation the limited water 
supply the Eastern Slope Colorado has resulted two things: (1) the 
judicious use all available water, and (2) the development large trans- 
mountain diversion project—the Colorado-Big Thompson. 

Parshall(10) has shown that the use and re-use return flow north- 
central Colorado has resulted cfs serving about 434 acres land, far 
more than the usual figure cfs for acres. The recurrent water short- 
ages this same area resulted the construction works for the annual 
diversion about 300,000 acre-feet Colorado River water into the valleys 
the Cache Poudre, Big Thompson, and other Eastern Slope rivers. 
order obtain this water was necessary construct facilities provide 
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does take place was seen 1951 when the water imported the South Coastal 
area California increased salinity and hardness over previous 
This increase was because the reduced inflow Lake Mead was more saline 
and harder and because the smaller holdover content Lake Mead gave great- 
weight and effect the more saline bottom storage. The reversal the 
trend substantial decrease average salinity and hardness Lake Mead 
has been recently reported,(5) and caused the softer and less saline in- 
flow and increased holdover storage due the increased discharge the 
Colorado River. 

The author blames the Government for the shortages water the 
Colorado River putting these waters Upper Basin The excess 
flows the Colorado River that now waste into the sea are not, compact, 
available for any but temporary use the Lower Basin. The Government 
the United States did not apportion the water. This was done the Colorado 
River Compact and the Upper Colorado River Compact, signed the interest- 
states. The Government, through the Bureau Reclamation, does cooper- 
ate the planning and responsible for the construction facilities use 
the greater part the apportioned waters not now used. The cost and extent 
these projects will generally require Federal financing and assistance 

Planning the Upper Basin uses Colorado River water requires 
possible (not necessarily probable) future domestic and industrial use 
well irrigated agricultural use, The Hill Report(6) estimates total aver- 
age annual depletion 300,000 acre-feet for the oil shale and other industries 
and for population 1,000,000 the West Slope This same 
report gives the following average annual depletions Colorado River water 
Colorado available for future use. 


Municipal and Industrial use 300,000 a.f./yr. 

Irrigated Agriculture 

Total 1,400,000 a.f./yr. 


The report also gives 1,450,000 a.f/yr. Colorado’s share the future 
possible depletions the Colorado River. The difference between the future 
possible uses and the total available leaves 50,000 a.f./yr. surplus, the 
average, serve the Mexican Treaty. 

The author has expressed some concern over the possible future need for 
domestic use part the 800,000 acre-feet listed above for irrigated agri- 
culture. summarization the stream depletions all Colorado’s par- 
ticipating projects under the Upper Colorado River Storage Act totals approxi- 
mately 500,000 acre-feet, leaving some 300,000 acre-feet for later develop- 
ment. Person(7) has pointed out that even with the Lower Basin using all their 
allocated water there more than sufficient water for the Upper Basin Initial 
Phase projects. 

study made the indicates that the San Juan River 
Colorado the total present and potential depletioris are about 13% the allo- 
cated Colorado depletion determined the Hill Report. This substanti- 
ally less than the 20% contribution the San Juan River the flow the 
Colorado River Lees this same general relationship holds 
throughout the Upper Basin then potential depletions the Upper Basin irri- 
gation projects will not make full use the water allocated the Upper 
can concluded that economic feasibility and the amount 
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subsidies and not water availability will determine the extent development 
Upper Basin projects. 

With regard conflicts between municipal and irrigation use, has gener- 
ally been expressed that these are the highest uses water the arid 
regions. expanding municipalities convert land use from irrigation urban 
the consumptive use actually reduced. This may illustrated values 
determined the California Department Water Resources.(9) This agency 
gives the estimated mean seasonal values consumptive use water irri- 
gated lands the San Diego hydrographic unit 2.0 feet depth. Compared 
the consumptive use applied water urban and suburban areas 0.6 
feet this shows saving 1.4 feet, assuming that full use can made re- 
turn flow from the urban areas. Even this cannot done the total delivery 
the urban areas only 1.8 feet 0.2 feet less than the consumptive use 
for irrigated lands. 

However, pointed out the author, the unparalleled growth the City 
Los Angeles resulted the acquisition lands and water rights the 
Owens Valley order insure water supply for Los Angeles. This result- 
the 50,000 acres irrigated 1910 Owens Valley(9) being reduced 
the present day virtual elimination irrigated agriculture from the economy 
the valley. the present partial water supply could made firm then 
could envisioned that return the former irrigated agriculture could re- 
sult. This would require the importation substantial quantities water 
and such scheme does not appear economically feasible. fact, Los 
Angeles must continue export water damage incur the brine 
processing industry now located the dry Owens Lake bed. While some 
agricultural development favorable lands could utilize water presently 
wasted phreatophytes the future such area appears the de- 
velopment recreation resources. 

The conversion irrigated lands residential areas other uses will 
usually make more water available elsewhere since the domestic consumptive 
use smaller than irrigation consumptive use. Other problems arise, how- 
ever, because the loss productive land, and because the water made 
available will probably not used the degree that was when used irri- 
gate land due hold orders possible use for domestic purposes. Benefici- 
aries return flow may have their flow cut off. Utah, newspaper accounts 
reveal that the State wants the Bureau Public Roads change their criteria 
for the Interstate Highway System permit the highways skirt the valley 
floors that valuable farm lands are not cut used for roadways. 

Over-development, far available water resources are concerned, can 
happen irrigated areas well municipalities. And the same 
manner that these cities must look other sources for water much the 
irrigated areas. The result such over-appropriation the limited water 
supply the Eastern Slope Colorado has resulted two things: (1) the 
judicious use all available water, and (2) the development large trans- 
mountain diversion project—the Colorado-Big Thompson. 

has shown that the use and re-use return flow north- 
central Colorado has resulted cfs serving about 434 acres land, far 
more than the usual figure cfs for acres. The recurrent water short- 
ages this same area resulted the construction works for the annual 
diversion about 300,000 acre-feet Colorado River water into the valleys 
the Cache Poudre, Big Thompson, and other Eastern Slope rivers. 
order obtain this water was necessary construct facilities provide 


| 
Bis 
an 
av 
bs} 
qe 
fae 
: 
‘ 
¢ 
4 


1784-30 September, 1958 


compensatory water the West Slope. doubtful that early planning could 
have foreseen the difficulties for these two examples, i.e., the City Los 
Angeles Aqueduct and the Colorado-Big Thompson Project, since irrigation 

both the Owens Valley and the Platte Valley started the 1860’s. 

Even planning against conflicting uses variation can found the most 
optimum use water. general, the higher economic opportunity do- 
mestic and municipal use admitted. the arid regions, however, the very 
establishment municipalities and their consequent growth dependent 
irrigated agriculture. 


“Agriculture is, and probably always will be, the foundation the civi- 
lization the arid regions. Industries cannot either established 
maintained unless there some assured balance with the production 
raw materials the farms and ranches. This possible only using 
water for irrigation, 


The planning and development water resources must recognize the 
cultural and economic factors which have resulted conflicting demands for 
water and resolve these conflicts agreement and projects. With the rapid- 
increasing population and the necessity feed more people, careful con- 
sideration must given the conflicting demands water use for human 
consumption and for crop consumption. 
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METHODS COMPUTING CONSUMPTIVE USE 


Discussion Harry Blaney 


HARRY BLANEY, ASCE.—Mr. Criddle’s paper presents excel- 
lent summary different methods developed research engineers and 
scientists computing consumptive use water. provides the practicing 
engineer with the basic data and methods required estimate consumptive 
use utilization water investigations. water-supply and irrigation 
investigations, engineers are called upon make, within limited times, 
estimates probable past, present, and future evaporation and evapotranspi- 
ration losses from areas river valleys. Sometimes, few long-period hydro- 
logic records, except climatological data, are available. 

For example: 1948, the writer and the author were confronted with the 
problem determining within several months time the average rate con- 
sumptive use for the period 1914-45 areas extending several 
thousand miles along the Upper Colorado River and its tributaries the 
states Arizona, Colorado, New Mexico, Utah and (1) Procedures 
developed the Pecos River Joint Investigation(2,3) and other studies 
throughout the West were employed. Because the limited measurements 
consumptive use the Upper Colorado River Basin, estimates unit con- 
sumptive use various agricultural crops and natural vegetation and evapo- 
ration from water surfaces, were based, primarily, studies other areas 
the West, transferred the Upper Colorado River Basin through relation- 
ships established, empirically, between measured consumptive use and clima- 
tological data the application the Blaney-Criddle formula, con- 
sumptive use inches for any 

The consumptive use coefficients (K) for the more important irrigated 
crops grown the Upper Colorado River area and native getation and 
evaporation are shown Table These coefficients were developed from 
actual measurements consumptive use. 

The results this study were instrumental the apportionment con- 
sumptive use water the States Arizona, Colorado, New Mexico, Utah 
and Wyoming under the Upper Colorado River Basin Compact which was ap- 
proved the legislatures each the signatory States and the 
Congress early 1949. 

recent method computing consumptive use, which author did not de- 
scribe, the use black and white atmometers developed Dr. 
Veihmeyer the University California.(5) The results this study indi- 
cate high degree correlation between the use water irrigated crops 


Proc. Paper 1507, January, 1958, Wayne Criddle. 

Irrig. Engr., Western Soil and Water Management Research Branch, Soil 
and Water Conservation Research Div., Agri. Research Service, 
Dept. Agri., Los Angeles, Calif. 
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Classification 


IRRIGATED LAND 


Alfalfa 
Alfalfa 

Grass, hay and pasture 
Grass, hay and pasture 
Beans and small grains 
Corn and other annuals 
Orchard (deciduous) 


INCIDENTAL AREAS 


Water surfaces 

Native vegetat 
Very 

Dense 

Light 

Sparse 

Seeped areas 


Table Coefficients used computing consumptive use water 
the Upper Colorado River Basin 


Growing season 


period 


Frost-free 


Pre-frost free period 


Frost-free 


Pre-frost free period 


iad 


months 
months 


Frost-free 


Frost-free 
Frost-free 
Frost-free 
Frost-free 
Frost-free 
Frost-free 
Frost-free 
Frost-free 


period 
per iod 
period 
per iod 


period 
period 


Small willows tamarisk, 
table (or ground water). 


September, 1958 


Consumptive use 
coefficient (K) 


Growing period: Annual 


0.85 
1.10 
1.20 
(Precipitation only) 


Consumptive use 


use factor 
Based four-year record Montrose, Colorado, 


Large cottonwood trees, willows grass. Adequate moisture 
available from high water table (or ground 


Willows, tamarisk, small Adequate moisture 
available from high water table (or ground water). 


available from high water 


Salt grass, brush and weeds. Moisture available from ground water. 


Sage brush, grass and weeds. Moisture available from precipitation 
only. (Rainfall during the growing season plus percent 
winter precipitation stored the root zone, not exceed inches.) 


Moist areas caused seepage from canals, over-irrigation, ground 
water, poor drainage. 


and the difference between black and white Livingston atmometer evaporation, 
especially during the summer The relationship expressed the 
formula use water inches, where “S” coefficient for crops 
and “D” the difference evaporation between black and white Livingston 
atmometer. Table gives the coefficients for different crops based 
records for months May September. 


0.85 
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Table Coefficients the Formula SD, and the Correlation Coeffi- 
cients for Water Use Various Crops and Difference Fvapora- 
tion for Black amd White Atmometers (5). 

Coefficient 

0.0135 0.97 

0.0110 0.98 

0.98 

Sugar Beets 0.99 

0.98 

0.98 


The correlation coefficients were determined from the formula derived for 
small samples. 


Values are from one record only. For the years record for which 


the mean values are calculated for the other crops, see 
Blaney, Harry and Criddle, Wayne D., Consumptive Use Water the 


Irrigated Areas the Upper Colorado River Basin, Division Irrigation 
and Water Conservation, Soil Conservation Service, Dept. Agri- 


culture. April (Mimeo.) 
Blaney, Harry F., Ewing, Paul A., Morin, Karl and Criddle, Wayne 


Consumptive Water Use and Requirements, Report the Participating 
Agencies, Pecos River Joint Investigation. National Resources Planning 


June 1942, pp. 
Blaney, Harry and Morin, Karl V., Evaporation and Consumptive Use 
Water Formulae, Part Trans. American Geophysical Union. January 
1942. 


Blaney, Harry and Criddle, Wayne D., Determining Water Requirements 
Irrigated Areas from Climatological and Irrigation Data, Soil 
Conservation Service, Dept. Agriculture, SCS-TP-96, Aug. 1950. 
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Table Comparisons Measured Monthly Consumptive Use Alfalfa 
and Computed Consumptive Use Atmometer and riddle 
Methods. 


Consumptive Use Water Alfalfa, Year 
data 
Inches Inches Inches 
May 6.8 1.05 
July 8.3 8.2 
Sept. 4.3 4.3 5.90 0.73 
Total 34.7 
Computed Atmometer equation consumptive use inches. 
monthly use factor using monthly temperature (t) Davis, 
100 


Calif. 


Computed monthly coefficient consumptive use 
monthly use factor 


(in equation 


Halkias, A., Veihmeyer, and Hendrickson, H., Determining 


Water Needs for Crops from Climatic Data, Hilgardia, Volume 24, Number 


University California. December 1955. 
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USBR’S LOWER-COST CANAL LINING 


FREDERICK HOTES, leadership and contributions 
the United States Bureau Reclamation connection with the development 
lower-cost canal linings are recognized throughout the world. Certainly 
this direction that some the greatest improvements have been made, and 
can continue made, irrigation engineering; for truly low-cost canal 
linings mean not only conservation water and reduced drainage problems, 
but may also mean lower annual costs considering both initial costs and 
maintenance charges. 

Another very important factor, particularly regards secondary systems, 
the conservation land, and the ease and increased flexibility farming 
operations that can achieved the use concrete pipe distribution 
systems. The author has briefly mentioned the use monolithically cast-in- 
place concrete pipe this regard. very similar type pipe the cast- 
in-place concrete pipe constructed two parts. Both these types pipes 
are unreinforced. They have been used extensively for many years 
California, particularly the Turlock Irrigation District the San Joaquin 
Valley. This District reported have successfully installed over 200 miles 
two-part type pipe, with saving 0.6 acre land per 1000 lineal 
feet lateral, compared open ditches the same capacity.2 

Engineers not acquainted with these special types pipes, should aware 
their relative economy. 1954 prices the Turlock area were approximate- 
follows (for two-part type pipe): 


Inside Diameter Cost per lineal foot, including Exca- 
vation, Backfill and Levelling 
in. $1.60 
in. $2.00 
$2.90 


The above prices reflect conditions where the contractors have had several 
years experience this type work for the Turlock District. Many 
these pipes have been successful operation for several years. 

the opinion the writer, the economy and advantages such pipes, 
merit more consideration for their use distribution systems than they have 
received the past. 


Proc. Paper 1589, April, 1958, Willson. 

Water Conservation Engr., Development Resources Corp., New York, 
Stationed Ahwaz, Iran. 

Monolithic Concrete Pipe, Western Construction News, February 
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IRRIGATION NEW 


Discussion Frederick Hotes 


FREDERICK ASCE.—This very interesting and informative 
article, about relatively humid area where irrigation has now evidently been 
firmly established permanent part the agricultural pattern, contains 
several facts and ideas that are value also those working arid semi- 
arid areas. particularly encouraging note the worthwhile work the 
utilization brackish waters, and the fresh approach the complex, but 
vitally human, problems water rights. 

There one portion the article, however, that, perhaps inadvertently, 
leaves incorrect impression regards the relative merits sprinkler 
and surface methods irrigation. the section “Irrigation Practices” 
(pp. 1591-3,4) might inferred from the statements contained therein re- 
ferring California study, that surface irrigation California generally 
more expensive than sprinkler irrigation. far the greater majority 
cases, the opposite more correct. Surface irrigation methods are, most 
irrigated areas the world, still the more economical. 

Many factors enter into economical comparison sprinkler and surface 
irrigation. The selection the method used any particular instance 
should made careful evaluation all these factors, with minimum 
influence from either enthusiastic salesmanship hidebound conservatism. 
the case New Jersey, would appear that the relative advantage 
sprinkler irrigation, primarily due the high cost land preparation for 
surface irrigation this particular region, noted the author. Another 
very important advantage might well the relative simplicity sprinkler 
irrigation, opposed surface irrigation, when introduced into area 
where agriculture already flourishing and has been long-established. 
Sprinkler irrigation, these cases, would seem blend best with the existing 
ecological regime, and the knowledge and habits the local farmers. 

may well that some future date, improvements sprinkler irri- 
gation equipment and techniques may make the only economical method 
use humid areas, the writer’s knowledge, this general rule has not yet 
been demonstrated, spite the overwhelming trend toward sprinkler irri- 
gation the eastern portion the United States. There may still areas 
the humid east where surface irrigation the better method. 


Proc. Paper 1591, April, 1958, Robert Hardman. 
Water Conservation Engr., Development Resources Corporation, New 
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Journal the 
IRRIGATION AND DRAINAGE DIVISION 


Proceedings the American Society Civil Engineers 


THE IMPORTANCE HYDRAULICS SURFACE 


Vaughn Hansen,! ASCE 
(Proc. Paper 1788) 


SUMMARY 


Surface irrigation complex hydraulic The hydraulic ele- 
ments involved surface irrigation are listed and discussed. Relating these 
hydraulic elements the key efficient irrigation, good design, and aperma- 
nent agriculture. 


INTRODUCTION 


general perspective irrigation and its inherent problems are essential 
seeing clearly need, scope, function, and importance hydraulics at- 
tacking our irrigation problems. The purpose this paper will first 
outline the objective irrigation and point out some the problems which 
automatically arise soon attempt irrigate. How these problems 
are related hydraulics will shown general terms. The hydraulic vari- 
ables involved surface irrigation are not generally understood and the im- 
portance these variables surface irrigation are often overlooked. 
technical discussion these hydraulic relationships beyond the scope 
this paper. The purpose herein show that important understand 
the hydraulics surface irrigation are develop permanent irrigated 
agriculture, 

Consideration will given the general problem surface irrigation, 
sprinkler irrigation being special case the more complex surface irri- 
gation analysis. 


Note: Discussion open until February 1959. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. Paper 1788 
part the copyrighted Journal the Irrigation and Drainage Division, Pro- 
ceedings the American Society Civil Engineers, Vol. 84, No. September, 
1958. 

Presented the First Intersociety Conference Irrigation and Drainage, 
San Francisco, Calif., April 30, 1957. 


Director, Eng. Experiment Station and Prof. Civ. and Irrigation Eng., 
Utah State Univ., Logan, Utah. 
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Irrigation Objectives and Problems 


Objective: distribute water over the land such way that will enter 
the soil and stored uniformly within the potential root zone. 


impossible and impractical, except when using small basins, ac- 
complish fully this objective. soon try distribute the water uni- 
formly, serious problems arise making virtually impossible uniformly 
store the water within the potential root zone. number problems immedi- 
ately encountered some degree whenever attempt irrigate are 
follows: 


(1) Obtaining uniform distribution water over the surface. 
(2) Obtaining uniform distribution water under the surface. 
(3) Reducing runoff from the soil surface. 

(4) Reducing deep 

(5) Reducing soil erosion. 

(6) Obtaining favorable salt balance. 


These difficulties can readily observed almost any irrigated area— 
they result poor irrigation. Either too little too much water applied, 
water wasted, drainage problems are created, saline conditions develop, 
and excessive soil erosion 

When the engineer attempts solve this problem planning more ef- 
ficient irrigation system, the following characteristics the irrigation phe- 
nomenon are usually importance: 


(1) Intake rate 

(2) Length run 

(3) Size stream 

(4) Slope land 

(5) Width border, size furrows, etc. 
(6) Nature and magnitude erosion 


assist the evaluation these variables, irrigation field trials have 
been designed the Soil Conservation Service the Department 
Agriculture. (1) The technician will irrigate trial area the desired 
manner, observing and evaluating the intake rate, size stream, slope, size, 
and shape the flow area, and the tendency for From his obser- 


vations recommendations will made for the design improvement the 
irrigation system. 


Importance Hydraulics 


The field-trial method developed the Soil Conservation Service useful 
evaluating the effect existing conditions upon the irrigation practice. 
The limitations this procedure are that the answer applies only the field 
being tested, and applies only the conditions existing the time the test. 
Subsequent irrigation practice, tillage, crops, seasonal changes, climate, and 
other factors all have profound effect upon the behavior the water 
moves above, into, and through the soil. Only very limited guides are availa- 
ble for extrapolating existing conditions into the future predict subsequent 
results. Hence, field measurements essentially apply only present con- 
ditions the field being tested and cannot safely used index future 
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conditions even the same field. Extrapolation other fields very diffi- 
cult and hazardous. The Soil Conservation Service technicians fully realize 
this limitation and are making commendable advancements defining princi- 
pals which can used predict future conditions. 

sound but practical mathematical expression needed describe the 
hydraulic features the flow. After such relation has been developed, the 
results field trials will more meaningful and can used more satis- 
factorily predict future conditions conditions existing adjacent lands. 


Fundamental Hydraulic Characteristics the Flow 


Before the component aspects the flow can related, clear physical 
picture the phenomena needed. begin the analysis, refer Fig. 
showing schematic view border irrigation. The basic variables involved 
the hydraulics surface irrigation are follows: 


(1) Rate application the water. 

(2) Intake rate, rate movement the water into the soil. 

(3) Rate advance water over the land surface. 

(4) Roughness the surface. 

(5) Shape the flow channel; whether border, corrugation, 
given shaped furrow. 

(6) Slope the land. 

(7) Erosion hazard. 

(8) Fluid characteristics the water, affected primarily temperature. 


Some these quantities can expressed terms other variables. 
For example, the intake rate can replaced the rate advance the 
wetting front down through the soil and the degree saturation the soil. 
Likewise, the location the soil surface the advancing water front and the 
shape the moisture penetration curve will replace the intake Also, 
the depth flow and the shape the water surface will replace the rate 
advance. And temperature water good index fluid characteristics 
viscosity and density. 

The following section defines further the meaning and importance each 
these variables and discusses briefly the present status each. 


Rate Application 


The rate which water applied the field one the basic variables 
governing good irrigation design. Methods measuring the amount water 
delivered the field are available. Weirs, Parshall flumes, and meters are 
general use. Improvement needed, but the present status water 
measurement not serious restriction the general problem the hy- 
draulics surface irrigation. The principle need for more measurements 
applied water. 


Intake Rate 


One the most complex aspects the hydraulics surface irrigation 
the variable rate which water enters the soil. Not only does vary with 
soil type but with tillage, surface debris, vegetative cover, season, climate, 
etc. Characteristics surface flow are greatly influenced the intake rate. 
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. 
Tremendous sums money have been spent collecting data the intake 


rate. Considerable effort and money has subsequently been spent trying 
analyze the data. Very little has ever been published. Too many variables 
were involved, being allowed vary random, often unmeasured, and 
frequently ignored. The answer this component the general irrigation 
problem lies the careful analysis and controlled experimentation where- 
the variables involved are known, the nature their influence predicted, 
and these variables either eliminated, held constant, measured. Only 
thereby will order come out the chaos that now surrounds this important 
component irrigation. 

The fundamental nature the intake phenomena has been discussed 
number capable The author has summarized these 
results and drawn conclusions from analysis the data showing the engineer- 
ing significance the fundamental relationships.(8) Additional controlled re- 
search needed verify the proposed relationships and develop tech- 
niques that can easily used the field obtain data capable interpre- 

Considerable attention has been devoted developing field methods ob- 
taining intake data. excellent summary has been recently published the 

Another noteworthy step forward has been made the American 
Agricultural Engineers through its soil and water division. The irrigation 
group this division has organized committee standards for measuring 
intake rates soils for irrigation system design. Such coordinating activity 
the professional societies will much stimulate and promote progress 
the intake field. 


Rate Advance 


The rate that water moves over the surface basic importance and 
one the most important characteristics surface irrigation. Direct 
measurements can made and indeed many measurements have been made. 
Nevertheless, their interpretation difficult, not impossible, until the hy- 
draulics the flow are evaluated. 


Surface Roughness 


Roughness the surface over which the water flows relates both the 
soil surface and the vegetation within the flow channel. For example, border 
irrigation alfalfa influenced the alfalfa crowns and stems well 
the characteristics the soil surface. The roughness characteristic 
grassed surface-drainage channel will depend upon the velocity the flow. 

the water moves through the vegetation, the roughness will one value; 
whereas the velocity fast enough bend over the vegetation, causing the 
water flow over the surface the vegetation, the roughness characteristic 
will change. 


Excellent progress has been made defining the roughness pipe. These 
developments are well outlined most fluid mechanics texts. Several semi- 
empirical flow formulas have been developed for open channels. these de- 
velopments the roughness has not been nearly completely defined the 
case pipe flow. 

The major need today for the evaluation coefficient roughness for 
open channel flow. The coefficient needs evaluated terms the 
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relative roughness and the flow characteristics manner similar the 
analysis the frictional factor pipe flow. Some excellent progress has 
been made this direction,(10,11,12) more needed. 


Shape the Flow Channel 


The characteristics any fluid flow are modified the shape the flow 
channel. This effect complex for furrow irrigation and complicated 
the changes which occur the cross-section the channel with time. 

The concept hydraulic radius, the ratio cross-sectional area wetted 
perimeter, very useful characterizing shape. However, another shape 
factor may possibly more useful. Careful attention needs given 
this variable. 


Slope the Land 


The slope the land has major influence upon the rate that water moves 
over the surface. The existing slope can easily measured and the way 
which slope influences the flow common knowledge. This variable, like the 
rate application, does not present serious deterent progress. How- 
ever, with extensive land leveling becoming common, the desirable slope 
becoming increasingly important. Flat slopes are popular the western 
portion the states Texas, Oklahoma, Kansas and Also the de- 
sirability variable slopes being given considerable thought. Defining the 
general hydraulic relationship essential before the needed answers regard- 
ing the desirable slope can obtained. 


Erosion Hazard 


Extensive generalities have been spoken and written regarding erosion. 
Despite the fact that enormous sums money have been allocated “control 
erosion,” essentially practical measure erosion hazard has been de- 
veloped. Most the studies erosion have consisted measuring the 
amount erosion devising ways reducing erosion. Such objectives and 
efforts are course necessary and commendable. However, little real 
progress will made until basic measure erosion hazard has been de- 
veloped. Specific criterion must formulated replace the generalities 
the past. Today erosion hazard generally spoken terms adjectives 
such moderate, serious, slight, etc. 

Herein lies fruitful field for hydraulic research. The more compre- 
hensive science fluid mechanics can used probe for answers which 
will apply both water and air, involving thereby both water and wind erosion 
aspects. Both types erosion are fundamentally the same. 

The size the stream and the slope must adjusted produce minimum 


erosion, Better irrigation design will result when the erosion hazard can 
expressed quantitatively. 


Fluid 


Temperature the principle factor affecting the fluid properties vis- 
cosity and density. Viscosity turn directly affects the resistance flow. 
For instance, temperature change from 40° 80° decreases the vis- 
cosity water 50%. Hence, the fluid properties cannot ignored, and 
indeed need not ignored because the nature their influence upon the 
hydraulic phenomenon known. 
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SURFACE IRRIGATION 


Hydraulics Surface Irrigation 


The general relationship defining the hydraulics surface irrigation 
stronger than its component parts. These components have been discussed 
and the needs each and the present status understanding each have 
been briefly outlined general terms. 

The problem now combine these components into useful relationship. 
This not easy because the hydraulics surface irrigation contains all 
the complexity unsteady open-channel flow plus the complication vari- 
able inflow into the soil. Analysis are generally based upon the fact that the 
amount water that has entered the field must equal the water the 
surface plus the water that has entered the soil. Many approaches can 
made, but the same basic concept still applies. Warren Hall the Uni- 
versity California has published one the more recent analyses the hy- 
draulics surface Current studies are also underway the 
State College Washington and the Utah State University further analyze 
the general phenomena. 

significant step forward was made when the American Society Agri- 
cultural Engineers, through the Soil and Water Division, set committee 
within the irrigation division study the hydraulics surface irrigation. 
This action represents the first time that united, coordinated action has been 
taken solve the problem the hydraulics surface irrigation. This com- 
mittee cooperating closely with the committee intake measurements. 

envisioned that other technical committees will soon organized the 
professional societies develop the other component phases which have been 
outlined herein. 

Significant progress defining the hydraulics irrigation water appli- 
cation inseparably connected the degree with which the investigator 
understands and uses the fundamental physical aspects the flow. 

The variables must quantitatively defined. Cooperative effort es- 
sential combining the variables into effective relationship that can 
used design and operate efficient irrigation systems. 

Until understand the hydraulics irrigation water application, have 
little hope making our agriculture permanent. 
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